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ONCERTED interest in cardiovascular diseases, undoubtedly aroused by 
tremendous strides in the diagnosis and surgical treatment of these con- 
ditions, has occasioned the exploitation of varied biophysical methods for 
better understanding of the basic factors in eardiovasecular physiology. Bal- 
listocardiography, although recognized and described in 1877 by Gordon,' re- 
mained a relatively unknown technique until recent years. After interest was 
stimulated in this subject by the fundamental work of Starr in 1939,? numerous 
investigators have devoted themselves to its study.** Ballistocardiography 
is a method of recording body movement caused by the acceleration and de- 
celeration of blood as it is ejected and moved about in blood vessels, and to a 
certain extent by the motion of the heart. Our interest in this field has in- 
volved study of the ballistocardiogram in patients subjected to cardiovascular 
surgery, as recorded by a particular type of apparatus termed the torsion 
ballistocardiograph. In these patients it has been possible to correlate known 
anatomic defects and surgical alterations with ballistocardiograms before and 
after operation. Since this review is based on serial records of the same pa- 
tient, many problems inherent in the comparison of ballistocardiograms in 
different patients are eliminated. 


METHOD 


The most important factors causing the ballistic waves are the accelera- 
tion produced by ecardiae ejection of blood and its subsequent deceleration 
in the great vessels and arterioles. Although right and left ventricular con- 


6 From the Departments of Surgery and Medicine, The University of Kansas Medical 
enter. 


Read at the Thirty-third Annual Meeting of The American Association for Thoracic 
Surgery, San Francisco, Calif., March 27, 28, and 30, 1953. 


*Markle Scholar in medical sciences. 
107 


« 
Vou. 27 No. 2 


108 THE JOURNAL OF THORACIC SURGERY 


tractions are the primary forces in acceleration of the blood, numerous vari- 
ables influence deceleration: the dimensions of the aorta, the elasticity of 
the aorta, the site of deceleration, and arteriolar drainage.’-* The final bal- 
listocardiogram is the summation of all these accelerating and decelerating 
forces. All of these forces are vectors, that is, they are characterized by both 
direction and amplitude, and their direction depends upon the topographic 
anatomy of the heart and great vessels. 


Fig. 1.—The torsion ballistocardiograph. The table is in the foreground while the recording 
and amplifying devices are seen in the background. 

Because these forces are vectors, the torsion ballistoeardiograph was de- 
vised in an attempt to delineate their direction and their origin. The torsion 
ballistocardiograph consists of a table top supported only by an upright steel 
bar in its center (Fig. 1). This steel bar because of its torsion elasticity permits 
circular movements ot the table. Forces along axes through the center of rota- 
tion cause no displacement of the table. The magnitude of any circular dis- 
placement of this table is proportional to the product of the force times its dis- 
tanee from the center of motion (lever arm). When the force acts farther 
away from the center, a proportionally greater displacement is present than 
when it acts closer. By positioning a patient in relation to the center of mo- 
tion, reaction forces in various parts of the cardiovascular system can be ae- 
centuated or attenuated. By noting the position of the patient where a given 
ballistic complex. is greatest, where it is absent, and where it is reversed, it 


is possible to predict approximately its anatomic site of origin and its direction 
of flow. Knowledge of these factors is more important in the study of con- 
genital cardiovascular defects than in other types of cardiovascular disease. 
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The technical details of construction and the physical characteristics of 
this torsion ballistocardiograph have been presented in previous reports.'*" 
The rotational displacement of the table is converted into proportional voltage 
utilizing condenser plates in a carrier frequency circuit, one plate being 
stationary, the other being mounted to the table top. The rectified output is 
amplified by a DC amplifier and recorded by a Sanborn Polyviso machine. A 
frequency response for the table of — was selected for reasons discussed 
elsewhere.'*'" This frequeney response in the range from 1 to 20 cycles per 
second was secured by using a table with a natural frequeney of 4 eycles per 
second and supercritically damping it with a piston moving in an oil-filled 
evlinder. Changes in the momentum of inertia of the system with people of dif- 
ferent weight or in different positions on the table cause only negligible var- 
iations in the frequency response. 


J 


Fig. 2.—Torsion ballistocardiogram of a patient in various positions on the _ ballisto- 
cardiograph table. In the position on the left-hand side, an upper recoil produces a clockwise 
motion of the table; the same motion in the position in the middle produces no motion of 
the table; and in the position on the right-hand side of the drawing, an upward force causes 
a counterclockwise rotation. Note how the H wave is reversed (as well as the other wave) 
in direction as the patient changes position in relation to the center of rotation. Transverse 
forces would produce no appreciable changes in either the left- or right-hand positions on the 
table. The positions on the left and right sides of the table emphasize head-foot forces. 
The normal ballistocardiogram is similar to the one on the left-hand side of the table. 


Standardization of the ballistocardiogram is done by applying a known 
force to the table end with the patient lying on the table in the selected po- 
sition. To accomplish this, a mass of 1,500 Gm. was attached by a spring to 
the table top and caused to oscillate electrically. The recorded amplitude of 
these sinusoidal table oscillations provides the system calibration. 
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Fig. 3.—Mitral stenosis. Note the comparative increase in the amplitude of the diastolic 
complexes, particularly with the patient in the position where longitudinal vectors are empha- 
sized (a). In the other position (b) a prominent wave in early systole (as indicated by the 
arrow) is seen. The ventricular complex becomes larger following operation; the abnormal 
wave believed to represent movement of the enlarged left auricle persists. 
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All records were taken in mid-respiration with the patient lying supine. 
An upward peak in the ballistocardiogram represents a clockwise rotation of 
the table top (viewed from above), a downward swing, a counterclockwise 
rotation. It must be reealled that this is the direction of fhe recoil force 
rather than the actual acceleration of the blood, which is directly opposite to 
the recoil. 


x 


ig. 4.—Mitral stenosis. Changes similar to those seen in Fig. 3 are observed. 


Simultaneous electrocardiograms and/or phonocardiograms were taken 
to serve as a time reference only. 


RESULTS 


A. The Normal Ballistocardiogram.—Immediately following systolie ae- 
tivity, as denoted by the R wave of the electrocardiogram or the last portion 
of the first heart sound, is a deflection in the ballistocardiogram termed the 
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normal sinus rhythm. 

H wave. This subsequently reverses its direction as the J wave, generally 
deviating below the original base line and occurring roughly simultaneously 
with the onset of the femoral pulse and slightly before the peak of the carotid 
pulse wave. The J wave is much greater in amplitude and is related tem- 
porally to the ascending slope of the femoral pulse and the peaks of the carotid 
and abdominal aortic pulsations. The last major wave of the systolie com- 
plex, the K wave, is large and is almost coincident with the second heart sound, 
the descending portion of the femoral pulse, and the dicrotie notch of the 
carotid pulse wave. Subsequent other waves, designated as L, M, and N, ap- 
pear to be related to activities during diastole and are not as well defined as 
the I, I, J, and K systolic complexes."® 
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The normal torsion ballistoeardiogram and some of the alterations pro- 
duced by changing the patient’s position on the table are illustrated in Fig. 
2. Here it may be noted that an upward wave on one side of the center of ro- 
tation becomes a downward deflection on the other side, demonstrating use 
of the torsion ballistoeardiography in determining the site of origin of wave 


forms. 


K 


Fig. 6.—Acute experimental coarctation produced by progressive occlusion of the thoracic 
aorta in the dog. sallistocardiograms taken to emphasize longitudinal vectors. In A_ the 
normal tracing is shown; in B approximately one-third of the lumen is occluded with bow- 
ing and deforming of the K wave; in C the aorta is almost completely obstructed with notch- 
ing of the K complex. Reflex slowing of the heart is noted, a compensatory mechanism for 
the acute aortic obstruction. 


B. Mitral Stenosis ——-Examination of tracings obtained from patients with 
primarily mitral valvular disease revealed abnormal records with fairly uni- 
form qualitative changes (igs. 3 to 5). It might be anticipated that these 
lesions would influence the ballistocardiogram by virtue of the altered stroke 
volume. A marked diminution in the entire ventricular complex was found 
with comparative increase in the diastolie components.’ '* This is illustrated 
by the small abnormal I and J waves and their delayed onset. Following 
ralvulotomy these waves increased markedly in amplitude, no delay was seen 
in their onset, their configuration was normal, and the diastoli¢ waves became 
proportionally smaller. Indeed in those cases where a good clinical result was 
obtained, the ballistocardiogram following operation was interpreted as being 
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essentially normal. These changes were found in the ballistocardiogram taken 
in a position where the head-foot forces were accentuated (Figs. 3, a, 4, a, and 
Dd, @). 


Fig. 7.—Coarctation of the aorta. Note the deformed wave (see arrow) and its return 
toward normal following operation. The I:J ratio is greater postoperatively. These abnor- 
malities are best seen in a where longitudinal vectors are accentuated. 


With the patient placed in a position (longitudinal axis of the table 
through its center) to emphasize transverse vectors, a prominent wave synchro- 
nous or slightly after the R wave of the electrocardiogram was noted (Figs. 
3, b, 4, b, and 5, b). This remained following valvulotomy. Its direction indi- 
cated a right-to-left reactive force. In those patients with mitral stenosis 
who were fibrillating this wave was not found. However, in one patient who 
was fibrillating initially (Fig. 5, a) and reverted to a normal sinus rhythm 
postoperatively, the wave was noted, but only during normal rhythm (Fig. 
5, b). Because of its indicated site of origin and its occurrence during normal 
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sinus rhythm solely, it is believed that this wave emanates from the enlarged 
left auricle; it probably represents movement of the auricle rather than the 
blood moved by contraction of the auricle. 

No essential differences in ballistocardiographie patterns were found be- 
tween those patients with mitral stenosis and mitral insufficiency, or their 
combination. Most of the patients undergoing mitral valvulotomy had eardiae 
catheterization preoperatively and postoperatively, but only a crude correla- 
tion was found between the calculated stroke volume and the amplitude of 
the ventricular complex of the ballistocardiogram. 


4 


_ Fig. 8.—Coarctation of the aorta; similar changes as described in Fig. 7, but abnormal 
ballistocardiogram still present following operation. The coarctation could be repaired only 
by insertion of a homologous aortic graft. 


C. Coarctation of the Aorta—That a distinctive pattern of ballistoear- 
diography is obtained in the patient with coarctation has been appreciated for 
many years.” 1°?! Abnormalities in aortic flow are indicated chiefly by major 
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changes in the K wave and minor abnormalities in other complexes. These 
deviations are well demonstrated in Fig. 6 which depicts the malforming of 
the K wave caused by an increasing obstruction to the thoracic aorta in a 


22 


dog. 


Fig. 9.—Persistent ductus arteriosus. Before operation an abnormal wave (see arrow) is 
seen in late systole, particularly in b where transverse vectors are accentuated. This 
abnormality disappears after operation. 

Coarctation of the aorta is perhaps the best example where ballistocardi- 
ography can be used as a diagnostic procedure although even in this condition 
it is of relatively little practical importance. The changes in the ballistocardio- 
eram in coarctation of the aorta are in the latter part of the ventricular com- 
plex and are due to the abrupt narrowing of the aorta with its marked imped- 
ine of the blood flow. The alterations are due to a greater than normal flow 
headward during the first half of systole producing an 1 wave of longer du- 
ration and greater amplitude than normal and a delayed and less accelerated 
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flow footward with a smaller and often delayed J) wave with the absence or 
diminution of the K wave. These abnormalities were observed in all our pa- 
tients with coaretation and were found to be reversed in varying degrees after 
operation (Figs. 7 and 8). The normal ratio of the I:J amplitudes is about 


Fig. 10.—Chronic constrictive pericarditis. Attention is directed to. the large wave 
oceurring in diastole in the position where transverse vectors are emphasized (see arrow). 
‘his disappears after operation as the ballistocardiogram becomes essentially normal. 


i:1.2, but in those patients with coarctation it is decreased, averaging about 
| :0.64 in our series. The ratio following operation was found to be about 1:1. 
The ballistoecardiogram thus provides an indication of the amount of blood 
vassing through the aorta and may be of value in assessing this group of pa- 
postoperatively. 
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D. Persistent Ductus Arteriosus—It would be expected that in patients 
with an appreciable amount of blood flow through a ductus arteriosus, a vector 
could be ascertained pertinent to the ductus. Such a wave was noted in the 
ballistocardiograms of our patients with ductus arteriosus. Normally the J 
wave is terminated at the end of systole and returns to the base line, but in 


| 
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Fig. 11.—Chronic constrictive pericarditis. Changes similar to those mentioned in Fig. 10 
correlated with right auricular and right ventricular pressure changes. 


these patients a strong positive wave persisted. This was particularly ac- 
centuated when the patient was in the transverse position (Fig. 9, b). Since 
the wave deviated upward and was most prominent with the patient so placed, 
it must be a vector acting from right to left with a headward component. 
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This agrees perfectly with the recoil expected from blood moving through 
the ductus arteriosus. In all cases this wave complex disappeared following 
operation (Fig. 9). 

E. Chronic Constrictive Pericarditis—This condition almost invariably 
produces an abnormal ballistocardiogram,?* ** the record being characterized 
by unusually large diastolic waves, occupying most of diastole, and oceasion- 
ally extending into early systole. Often these waves are larger than the sys- 
tolie complexes. It has been noted previously that these were particularly 
prominent in the lateral vector projection, rather than the conventional head- 
foot position, and our observations confirm this. The abnormal ballistie forms 
are attributed to the more rapid surge of blood into the ventricle during 
diastole, this being secondary to the elevated venous pressure, and the abrupt 
inerease in the interventricular pressure because of the inelasticity and rigidity 
of the ventricular walls. The accentuation of these abnormal complexes by 
placing the patient in a position to emphasize the transverse vectors is shown 
in Figs. 10, b, and 11, b. 

Following pericardiectomy there is a gradual reversion of the abnormal 
hallistocardiogram to a normal one, although this may not occur for several 
months. 

SUMMARY 

1. Torsion ballistoeardiography is briefly described, and its utilization in 
analysis of vectors comprising the ballistoeardiogram is discussed. 

2. Abnormal ballistic complexes occurring in patients with mitral steno- 
sis, coarctation of the aorta, ductus arteriosus, and chroni¢ constrictive peri- 
carditis, and their changes following operation are illustrated. 

3. The origin and factors causing the abnormal ballistoecardiograms in 
these groups of cardiovascular diseases are speculatively reviewed. 
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THE ROLE OF THE BRONCHIAL ARTERY CIRCULATION IN THE 
ETIOLOGY OF PULMONARY AND PERICARDIAL SUPPURATION 


AN EXPERIMENTAL STUDY 


RicHarp S. Hawn, M.D.* (py iNviration), HoumMan, M.D.,** anp 
JOHN B. Frericus, M.D.*** (By INVITATION) 
San FRANcrscO, CALIF. 


ESPITE the gratifying decrease in the mortality of pulmonary abscess 

and suppurative lesions of the pericardium during the past decade, their 
etiology remains obseure.*~* 

Most students of pulmonary abscess still maintain that the predominant 
etiological factor is the aspiration of infected material and disclaim the possi- 
bility of septie vascular embolism. Many excellent clinical studies support this 
view,*® but the experimental evidence is not so conelusive.“'' The many un- 
successful attempts to produce pulmonary abscesses by aspiration are in marked 
contrast to their almost invariable production following the introduction of a 
septic embolus into the jugular vein as reported first in 1926.1°"° These studies 
further suggested that pulmonary infaretion of considerable size may be a neces- 
sary precursor to the development of an abscess. Reeent studies of Liebow, 
Ellis, Shedd, and their co-workers, supplementing the original observations of 
Mathes and others,'*** have shown that the hemorrhagie pulmonary infaretion 
which follows massive embolism may actually be due to the destructive high- 
pressure inflow from the patent bronchial artery system. In animals in which 
the bronchial artery was successfully oceluded, the production of massive em; 
holism did not result in typical hemorrhagie infarction. 

With these concepts in mind, a series of experiments were designed to 
embolize the bronchial artery with multiple septie particles, to determine, if 
possible, the role of this vascular system in infections of the lung and whether 
massive infarction is a necessary precursor to pulmonary abscess. 

A few pilot experiments were performed by injecting in vivo the right 
posterior bronchial artery in the dog, after the method of Ellis, with a suspen- 
sion of India ink (Fig. 1). The rapid appearance of the ink particles in the 
vessels supplying the pericardium and myocardium was most striking. This 
phenomenon was evident even in the preparations in which preliminary complete 
‘ligation of both right and left coronary arteries and the pericardiophrenic 
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arteries at their origin had been performed (Fig. 2). Many fine terminal 
branches of the bronchial artery could be seen accompanying the great vessels 
as they emerged through the pericardium. These hairlike vessels continued 
downward over the atrial walls, particularly on the right side and anastomosed 
freely with the right coronary artery. Numerous vessels could be seen spread- 
ing over the pericardium and anastomosing with branches of the pericardio- 
phrenic artery, indicating the presence of direct anastomotic communications 
between these vascular systems. These observations suggested the poss:bility 
of a hematogenie dissemination of infection to both the lung and the heart 
by the same vascular system. 
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Fig. 1.—The right posterior bronchial artery in the dog as exposed through a right fifth 
intercostal incision. The parent intercostal artery has been ligated and cannulated prepara- 
tory to injection with septic emboli. 


A review of the literature vielded little information concerning the extra- 
pulmonary ramifications of the bronchial circulation. A casual mention of the 
bronchial artery supply to the mediastinal organs was made by Cauldwell and 
Anson with their co-workers,?> Berry and Daly,** and Horine and Warner.” 
Tn 1932 Hudson, Mortiz, and Wearn*? demonstrated filling of the bronchial ar- 
tery by injections into the coronary circulations of the human heart. More 
recently, Tobin®* has made brief reference to the bronchial arteries which supply 
the mid-portion of the esophagus, tracheobronchial lymph nodes, the vasa 
vasorum of the pulmonary artery, and the visceral pleurae. 


METHOD 


Adult mongrel dogs weighing 8 to 20 kilograms were used. Animals in which the 
presence of recent pulmonary disease was suspected were discarded. Veterinary Nembutal, 
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30 mg. per kilogram of body weight, and mechanical respiration were routinely employed. 
A standard right posterolateral thoracotomy was performed through the fifth intercostal 
space (Fig. 1). The right posterior bronchial artery was identified as it arose from the fifth, 
or sometimes from the fourth or sixth intercostal artery. The parent intercostal artery was 
ligated proximally and distally to the origin of the bronchial vessel; care was taken to avoid 
extensive dissection which would disrupt minute vessels. The azygos vein was not divided. 
The segment of intercostal artery between the ligatures was cannulated with polythene tubing, 
the inside diameter of which just snugly admitted a No. 20 gauge needle. A standardized 
quantity of septic material was injected, the cannula removed, and the vessel ligated perma- 
nently. Extreme care was taken to avoid gross contamination of the surrounding tissues; 
routine closure of the chest wall was performed. No drains or antibiotics were employed. 


AZYIOS \ Broachial a. 
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Fig. 2.—Diagrammatic_ reproduction of the extrapulmonary ramifications of the right 
posterior bronchial artery after India ink injection. Direct anastomotic communications with 
the right coronary and pericardiophrenic arteries are demonstrated. 


Two series of animals were studied. Group I dogs received a standard 18- to 24-hour- 
old blood subculture inoculum of Staphylococcus aureus. The dosage was arbitrarily caleu- 
lated on the basis of 0.5 ¢.c. per five kilogram of body weight. Fragments of fibrin and 
clot were employed as the embolic particles. The organism had been isolated from an in- 
feeted posttonsillectomy fossa. 

Group II dogs received the same organisms cultured in a glucose broth media. To 
this was added 1 ¢.c. of a freshly prepared suspension of barium sulfate, U.S.P. In a few 
‘logs, Hill’s* mass was employed. The dosage of this mixture was similarly calculated from 
body weight. Barium was used because it would provide a greater number of particles 
and also because its dissemination in the superficial vessels could be immediately visualized. 


*Hill’s mass is prepared from 200 Gm. of bismuth oxychloride, 100 Gm. of gum acacia, 
und 500 c.c. of distilled water. 
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RESULTS 

Thirty animals were studied. These were equally divided into two groups. 

Group I.—Of fifteen dogs in this series, all but two animals survived indefinitely with- 
out visible evidence of suppurative pulmonary disease. There was microscopic evidence of 
healed inflammatory processes in the viveeral, parietal, and mediastinal pleurae. Minimal 
healed inflammatory lesions of the pericardium, esophagus, and tracheobronchial tree were 
observed. The parenchyma of the lung was essentially normal. No definite pulmonary 


abscess was found. 


Fig. 3.—Photomicrograph of pericardium from animal in Group IT demonstrating considerable 
thickening and evidence of acute inflammation throughout (hematoxylin and eosin, X80). 


Two animals died at five and six days, respectively, of acute cardiac tamponade, second- 
ary to a purulent pericarditis with effusion, Grossly, there was empyema and diffuse cellulitis 
of the chest wall. All pleurae were intensely injected and the mediastinal space was filled 


with sanguinopurulent fluid. The esophagus, trachea, and major extrapulmonary bronchi 
bilaterally revealed evidence of acute transmural suppuration. The pericardium was tautly 
distended with sanguinopurulent fluid. It was grossly hemorrhagie and infected. 


Microscopically, there was considerable thickening with acute and subacute inflammatory 
lesions throughout (Fig. 5). The myocardium was normal. The epicardium revealed a 
peripheral zone of acute inflammatory reaction. The lungs were normal with the exception 
of a visceral pleuritis. No gross or microscopic evidence of pulmonary infarction, suppura- 
tion, or abscess was found. 

Group II,—F¥ifteen animals were in this series. The longest survival was one week. 
All of the remaining animals died within twenty-four to forty-eight hours. In thirteen animals 
the immediate cause of death was acute necrotizing myocarditis. Grossly, there was empyema 
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and cellulitis of the chest wall of a more severe degree than was observed in the two animals 
of Group I. The chest cavity was often filled with sanguinopurulent fluid as was the medi- 
astinal space. An intense hemorrhagic inflammatory reaction of all pleurae, the esophagus. 
trachea and bronchi, and even the adventitia of the aorta was observed. 

The pericardium was similarly involved and varying degrees of pericardial effusion 
were consis‘ently encountered. In thirteen specimens, gross hemorrhagic zones were found 
chiefly in the right ventricle and atrium. Particles of barium were seen grossly in the 
right coronary artery (Fig. 4+). The lesions varied from small, subendocardial to extensive 
transmural areas of involvement. In a few hearts, lesions of the left ventricle were seen 
posteriorly where intercoronary artery communications with the cireumflex branch of the 
left coronary artery were present. No lesions of the area supplied by the left anterior 
Jeseending artery were observed. 


Fig. 4.—Typical heart from a Group II animal. The areas of right ventricular hemor- 
rhage with barium particles in the right coronary arteries are demonstrated. A hemorrhagic 
lesion of the fatty tissue overlying the right atrium can be seen. 


* Microscopically, the lesions appeared to be typical of acute necrotizing myocarditis 
With interspersed areas of hemorrhage, acute inflammation, and destruction of the myofibrils 
(Fig. 5). Barium and staphylococcal emboli were frequently seen in the vessels of arteriolar 
size. The most intense inflammatory response was centered about the staphylococci. In 


several arterioles where there was relatively complete separation of the barium particles from 
the staphylococci, little or no inflammatory reaction appeared around the barium emboli. 
These findings substantiate the results obtained in two animals where barium was injected 
without organisms. The animals survived without evidence of hemorrhagic inflammatory 
vascular lesions. It would appear that the organisms and not the barium were responsible 
for the characteristic hemorrhagie pathology. 


In contrast to the Group I animals, all but two dogs in Group IT showed marked pul- 


monary parenchymal lesions (Fig. 6). Grossly, these appeared as bilateral areas of con- 
solidation usually lobar in distribution. On incising the lung, whole blood poured forth. 
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Microscopically, the lesions appeared neither like that of acute consolidative pneumonitis 
nor hemorrhagic infarction (Fig. 7). The alveoli were filled with erythrocytes and a highly 
proteinie exudate containing little or no inflammatory elements. Closer inspection of the 
intramural branches of the bronchial arteries showed focal lesions of intense inflammation, 
often with rupture of the \essel wall which apparently accounted for the blood seen in the 
alveoli. Numerous emboli consisting of barium particles and staphylococcus organisms were 
seen within the lumen of the vessels. Again, no discrete pulmonary abscess, as such, was 
observed. 


Fig. 5.—Photomicrograph of hemorrhagic myocardial lesion depicted grossly in Fig. 4. 
The epicardium is above, the endocardium below. Zones of hemorrhage are seen in the lower 
left with deeply staining clumps of staphylococci distributed among the myofibrils. Acute in- 
flammatory elements surround most of the staphylococcal emboli (hematoxylin and eosin, 


DISCUSSION 


Experiments have been deseribed in which an attempt was made to evaluate 
the role of the bronchial artery as a route for hematogenie infection of the lungs 
and pericardium. Under the conditions of the experiment, the use of small 
particles of infected blood clot in the animals Group I resulted uniformly in 
failure to produce pulmonary suppuration. These consistently negative results 
may be ascribed to the variable factors of host resistance, a too low virulence 
or inadequate dose of the organisms, or to an inadequate number of embolic 
particles employed. 

It would appear that the higher incidence of pulmonary lesions observed 
in the animals in Group II can be attributed to the greater number of embolic 
particles which were successfully trapped, and not to the factors of resistance, 
dosage, and virulence of the organisms. Despite the more successful emboliza- 
tion of the bronchial artery circulation in Group II, no suppurative pulmonary 
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Fig. 6.—Gross specimen from typical Group II animal. There are marked hemorrhagic 
lesions involving. the mediastinal pleura, trachea and pericardium. The right lung is dark, 
heavy, and nonair-containing as compared to the normal left lung. 


Fig. 7.—Photomicrograph of lung depicted in Fig. 6. 
ytes and a highly proteinic exudate. An intrapulmonary bronchus is seen to the left of 


The alveoli are filled with erythro- 


‘enter, a pulmonary artery on the right. <A circumscribed lesion is seen within the wall of 
he bronchus consisting of staphylococci, barium particles, and polymorphonuclear leukocytes. 
“here is an irregularity of one quadrant of the lesion suggesting rupture of its containing 
‘ronchial artery wall (hematoxylin and eosin, X33). 
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lesions were observed. Likewise, no true pulmonary infaretion was demonstrated 
in either series of animals. There is little doubt that the greater part of the 
bronchial artery blood flow was successfully occluded in Group IT. The pulmo- 
nary arteries or veins did not contain barium emboli on microscopic examination. 

The unexpectedly high incidence of myocardial and pericardial lesions was 
of great interest. The difference between the two animals in Group I which 
demonstrated primarily a pericardial involvement and the nine animals in 
Group II which uniformly presented additional myocardial lesions is again, 
we think, a matter of relative numbers of embolic particles employed. It is 
possible that embolie particles could have reached the myocardial capillary 
hed simply by direct shunting from bronchial arteries to pulmonary veins and 
then out the left heart. However, sections of tissues supplied by the systemic 
circulation have failed to reveal the presence of barium emboli. Moreover, it 
would seem to be unusual for the emboli to distribute so uniformly to the right 
ventricle and to avoid the left ventricle. The existence of these communicating 
anastomotic channels as demonstrated by the injection of India ink was demon- 
strable even when the entire coronary and pericardial arterial blood supply 
was completely ligated at its souree. It is conceded, however, that more accurate 
methods of determining the exaet route of d‘ssemination should be studied 
further. 

In summary, it would appear that the bronchial artery in the dog has a 
degree of ramification and collateralization hitherto not appreciated. Multiple 
septic emboli disseminated by this system did not produce definite pulmonary 
infarction or abscess. Indirectly, these results support the theory that pulmo- 
nary infaretion is a necessary precursor to the pulmonary abscess produced by 
a vascular septic embolus. In view of the rapid death of Group IT animals 
further studies are indicated. The high incidence of lesions of the mediastinal 
organs, pleurae, chest wall, heart, and pericardium suggest that the bronchial 
artery is more important as a mediator of infection to these structures than to 
the bronchopulmonary organs with which we usually associate this vascular 
The clinical importance of these observations deserves further study. 


system. 


CONCLUSIONS 


1. Multiple septic emboli injected into the right posterior bronchial artery 
of the dog failed to produce pulmonary infarction, suppuration, or abscess. 

2. In contrast, there was a high incidence of suppurative lesions of the 
mediastinal organs, pleurae, chest wall, heart, and pericardium. 

3. The anatomic communications between the bronchial and_ pericardial 
and intrinsie coronary artery systems have been demonstrated by India ink 


injection. 


We are indebted to Miss Alice Violante and Mr. Dusan Surman for their kind assistance 


in this work. 
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BRONCHOPULMONARY SARCOMA 


Lauua Iverson, M.D.* 
WASHINGTON, D. C. 


RIMARY sarcoma of the lung is notably rare. If the diagnosis is limited to 
tumors composed of spindle-shaped cells of probable mesodermal origin, the 
majority of recorded cases can be eliminated. It is the purpose of this paper 
to consider the clinical and morphologic features characteristic of bronchopul- 
monary sarcoma and to discuss the differentiating criteria of its more frequent 
imitators. 


REVIEW OF LITERATURE 


In 1931, Ball’ was able to collect only fifteen examples of pulmonary sar- 
coma from the European and American literature of the preceding thirty years. 
The majority of these were classified as “round-cell sarcomas,” and only seven 
represented tumors composed of spindle-shaped cells. 

The validity of eases reported since 1931 is equally difficult to determine. 
There is doubt as to the exact origin and histogenesis of some of the tumors. 
For example, four of the sarcomas occurred in women on whom hysterectomy 
had previously been performed.?> Of these, only Cote’s case, because of the 
location and morphologic features of the tumor, deserves serious consideration 
as a primary bronchopulmonary sarcoma. Likewise, pleura or mediastinum can- 
not be positively excluded as the site of origin of the tumor reported in other 
patients.*?° Many authors continue to report pulmonary sarcomas composed 
of round or poorly differentiated cells. These, according to inferences from 
the deseriptions, may be variously interpreted as undifferentiated cell carcinomas 
or one of the types of lymphoma.” ''!® Other omissions from the series are 
three eases in which the microscopie descriptions are incomplete’®** and three 
cases referred to in general articles.??-** ? 

Thus, the medical literature from 1931 to 1950 contains only nine examples 
of spindle-cell sarcoma of probable pulmonary origin, raising the total of re- 
ported eases to sixteen for the period 1900 to 1950. 


CASE REPORTS 


In the material indexed at the Armed Forces Institute of Pathology as 
sarcoma of the lung are three additional examples which are similar, clinically 
and morphologically, to those selected from the medical literature. All three 
were intrapulmonary tumors composed of spindle cells associated with collagen 
or reticulum. Two of them came to clinical attention early in the course of the 
disease, when the patients were given routine x-ray examination. In all three 
cases the tumors were removed surgically, and in two the postoperative course 
has been uneventful in respect to recurrence or metastasis. 


From the Armed Forces Institute of Pathology. 


Received for publication Jan. 12, 1953. 
*Present address: Department of Pathology, The University of the Philippines, College of 


Medicine, Manila, P. I. 
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Fig. 1. 


___Fig. 1.—Intrapulmonary spindle-cell sarcoma; well-localized tumor composed of oval and 
spindle-shaped cells. Delicate fibrils associated with the tapering cytoplasmic poles. Hema- 
toxylin and eosin, x400. AFIP Acc. 161584. 


Fig. 2.—Intrapulmonary spindle-cell sarcoma; this field resembles undifferentiated cell 
carcinoma of bronchus. Note tendency to sparing of glands and muscle bundles. Silver stains 
demonstrated reticulum. Hematoxylin and eosin, X100. AFIP Acc. 161584. 
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Case 1—AFIP Ace. 161584. This 28-year-old white man had been without symptoms 
of any kind until his separation from the Army. Routine chest x-ray examination at that time 
revealed a rounded shadow in the upper lobe of the left lung. Bronchoscopic examination 
showed no abnormalities. 

A firm, round mass was removed from the upper lobe of the left lung. On section, 
this proved to be a cyst measuring 4.5 by 3.5 em., located near the hilum and containing 
yellow, gelatinous material. A secondary bronchus opened into the cyst and the bronchial 
mucosa was continuous with its smooth lining. The cyst wall was 2 mm. thick except at its 
lateral border where it merged with a nodular mass measuring 1 em. in diameter. Microscopic 
sections showed the tumor to be composed of plump but elongated cells associated with 
reticulin formation (Fig. 1). There was local invasion of the wall of a small bronchus by 
the oval spindle-shaped cells (Fig. 2). 

The patient’s progress was followed until four years after lobectomy. He remained free 
from evidence of recurrence or metastasis of the tumor. Three years postoperatively there 
was enlargement of the glands of the right axilla, but biopsy revealed only chronic lymphad- 
enitis. 


Case 2.—AFIP Acc. 210940. The patient was a 60-year-old white man. Although he 
had had no symptoms, an x-ray film of the chest taken during a general survey revealed a 
mass in the upper part of the right lung. Three months later, further x-ray examinatior 
confirmed these findings and a presumptive diagnosis of pulmonary cyst was made. 

Right upper lobectomy was performed. The lung contained a solid globular mass, 9 by 
8.5 em. The tumor was well circumscribed and the pleura overlying it was smooth (Fig. 3). 
At one point the friable, grayish-white neoplastic tissue infiltrated the wall of a bronchus 
which was involved in the mass. Histologic preparations showed well-differentiated spindle- 
shaped cells with elongated reticulin-positive cellular fibrils (Fig. 4). 

No metastasis was demonstrable at the time of operation, and three years later there 
was no evidence of recurrences. 


Case 3.—AFIP Acc. 271509. The patient was a 47-year-old white man. One year 
previously, at his annual physical examination, electrocardiograms and chest films had shown 
no abnormalities. Nine weeks prior to admission he complained of ‘‘tightness in the left 
chest’’ which interfered with deep respirations. At this time, x-ray examination of the chest 
revealed a lesion in the lower lobe of the left lung, and a diagnosis of pneumonia was made. 
The diminished breath sounds, decreased expansion, and inspiratory rales did not improve 
with therapy. Subsequent x-ray films demonstrated a mass, measuring 8 em., in the sus- 
pected area, associated with elevation of the left leaf of the diaphragm. The mass rapidly 
increased in size during the first five weeks of hospitalization. The lung fields otherwise 
remained clear except for pleural thickening over the tumor. 

Exploratory thoracotomy was performed two and one-half months after the onset of 
symptoms and a lobulated, grayish, friable tumor occupying the lower lobe of the left lung 
was removed. On gross examination no abnormalities of the bronchial tree and vascular 
system and no metastases were observed. Neither was there evidence of any possible primary 
site, other than the pulmonary parenchyma. X-ray therapy was administered postoperatively ; 
it was again administered six months later, when the mass recurred. The patient’s pain and 
dyspnea progressed until death, approximately one year after lobectomy. Post-mortem 
examination revealed tumor occupying the remainder of the left lung and a metastatic nodule 
in the lower lobe of the right. The original surgical specimen, like the metastatic nodules 
at autopsy, was composed of poorly differentiated spindle-shaped cells. The cells were asso- 
ciated with reticulin formation except in areas of necrosis, and more solid portions were 
marked by collagenous intercellular material (Figs. 5 and 6). There was local invasion at 
the periphery of the primary tumor (Fig. 7). 


CHARACTERISTICS OF BRONCHOPULMONARY SARCOMA 


These three cases, together with the sixteen examples selected from the 
medical literature from 1900 to 1950, are included in the total of 19 cases of 


Al 
j 


BRONCHOPULMONARY SARCOMA 


: Fig. 3.—Intrapulmonary spindle-cell sarcoma (surgical specimen); a characteristic local- 
ized solitary primary, tumor encroaching on bronchus. AFIP Acc. 210940. 


Fig. 4.—Intrapulmonary sarcoma; reticulum formation helps to differentiate the tumor as 
sarcoma. Reticulum stain, X235. AFIP Acc. 210940. 
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Fig, 5.—Intrapulmonary spindle-cell sarcoma; an area of collagenous fibers produced by 
the well-differentiated spindle-shaped cells borders a zone of necrosis where the tumor re- 
sembles reserve cell carcinoma. Masson stain, X60. AFIP Acc. 271509. 


Fig. 6.—Intrapulmonary spindle-cell sarcoma; in some areas the thick-walled vessels and 
ar: production suggest a benign tumor. Hematoxylin and eosin, X100. AFIP Acc. 
71509. 
Fig. 7.—Intrapulmonary spindle-cell sarcoma; incomplete encapsulation of tumor resulting 
from expansile type of invasion by the poorly differentiated spindle-shaped cells. Hematoxylin 
and eosin, X185. AFIP Acc. 271509. 
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intrapulmonary spindle-cell sarcoma summarized in Table I. It should be noted 
that this series, in order to include only those tumors of relatively certain pul- 
monary origin, necessarily represents a prejudiced sample of either early or 
premetastatic examples (Table I). 

Morphologic Characteristics of Intrapulmonary Sarcoma.—Primary sar- 
coma of the lung is characteristically a solitary, firm, white tumor (Fig. 3) 
occurring in middle-aged persons. Sections from the tumors in the three cases 
reported here were compared with known sarcomas arising elsewhere and metas- 
tasizing to the lung. Attention was given to encapsulation, morphologic charac- 
teristics of the tumor cells, and extent of the tumor. Descriptions contained in 
the literature were also utilized in this study. 

In the primary tumors the capsule, where intact, was dense and fibrous, 
but it was not always adequate to restrain the tumor which advanced through 
it and into the adjacent parenchyma in a broad, expansile fashion (Fig. 7). 
The degree of encapsulation tended to vary with the degree of cellular differ- 
entiation. Although some metastatic sarcomas were nodular, poorly encapsu- 
lated, and multiple, others demonstrated gross features identical with those 
of primary sarcoma. 


In most of the microscopic sections the neoplastic cell was spindle-shaped 
or oval, often with the nucleus blunted at one pole and tapering at the other 
(Figs. 1, 2, and 7). Rare portions of these tumors bordering areas of hemor- 
rhage and necrosis contained cells which in cross section appeared indistinguish- 


able from lymphoid or ‘‘oat cells’’ except for the poorer chromatin content of 
their nuclei (Fig. 5). In these more cellular zones the tumor cells collected 
around thin-walled vessels. In all areas reticulin honeyeombed the tumor, form- 
ing recesses for one or several cells, and was occasionally reinforced by varying 
amounts of other intercellular substance (Figs. 4 and 6). In the more compact 
portions of the tumor the cells tended to be more elongated and the reticulum 
more dense. Sometimes fine undulating fibrils, closely packed together, formed 
the background for extremely well-differentiated serpentine cells (Fig. 6). 

Case 2 in this series is representative of a small number of other deserip- 
tions in the literature in which the neoplastic cell, as in leiomyosarcoma, is 
uniformly large and well-differentiated, possessing abundant cytoplasm. In 
these there were few mitoses. The cells were bundled together compactly and 
were intimately associated with tapering eosinophilic fibers staining for re- 
ticulum. 

In summary, pulmonary sarcomas are composed of spindle-shaped cells 
productive of varying amounts of intercellular material, or cellular fibrils which 
may stain as collagen, reticulum, or smooth muscle. More often reticulin is 
the only positive-staining product. 

Behavior of Intrapulmonary Spindle-Cell Sarcoma—tThe peripheral loca- 
tion of spindle-cell sarcomas of the lung gives rise to such nonspecific symptoms 
as dyspnea, fever, or malaise. Thus, the clinical course is likely to be of long 
duration unless the lesion is an incidental discovery during routine examination. 
Because of its circumscription the tumor lends itself readily to removal by 
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lobectomy or pneumonectomy. Analysis of Table I reveals that metastasis, re- 
currence, or extension occurred in only six of the nineteen examples; the absence 
of metastasis in the majority of remaining cases was demonstrated at autopsy 
after a clinical course averaging seventeen months. 

These data indicate that intrapulmonary sareoma is typical of other ‘‘low 
grade’’ sarcomas in that it is slow growing, tends to be well-cireumscribed, and 
may effect no undue hardship on the patient if it is removed early and com- 
pletely. It may, however, metastasize to bone or distant organs. 

Although the infrequent metastasis or recurrence seems to assure a rela- 
tively good prognosis, sarcomas arising in the lung may be presumed to share 
the surprising potentiality for late metastasis observed in tumors of similar his- 
tologie types originating elsewhere, and it is presumed that further follow-up 
studies of the present series will elicit examples of unusual metastasis years 
after the removal of the primary tumor. 


DISCUSSION 


The clinical and anatomic data presented offer criteria by which pulmonary 
spindle-cell sarcoma may be defined. There are, however, other infrequently 
occurring tumors which are of importance to clinicians and pathologists in their 
combined approach to the diagnosis of bronchopulmonary sarcoma. These are 
(1) endobronechial sarcoma; (2) miscellaneous rare types of sarcoma such as 
chondrosarcoma, rhabdomyosarcoma, and liposareoma; and (3) lesions that may 
imitate primary sarcoma of the lung. 

Endobronchial Sarcomas.—Oceasionally a sarcoma may arise in one of the 
main bronchi, there producing endobronchial obstruction (Fig. 8). This may 
be distinguished from sarcoma arising in the parenchyma not only by the symp- 
toms resulting from its peculiar location but also by apparent intrinsic differ- 
ences in the neoplasm itself. 

In 1950, Black*® collected from the literature at least four eases which he 
designated fibrosarcoma of the bronchus, and recorded another example. ‘Three 
additional cases were reported by other authors to bring the total to eight.*!-** 
These are summarized as ‘‘endobronchial spindle-cell sarecoma’’ in Table ITI. 

The descriptions in Table II and study of sections from Cases 5 and 7 indi- 
cate that the cell type characteristic of these polypoid endobronchial tumors is 
large and plump with an oval vesicular nucleus (Fig. 9). The cells, usually 
better differentiated than those forming the majority of parenchymal sarcomas, 
may be blunt, tapered, or prolonged into fibrils which are silver-positive when 
stained for reticulum. 

Although the exposed surface lends itself readily to biopsy, the diagnosis 
is made exceedingly difficult by these well-differentiated mesodermal neoplastic 
cells which, in the presence of secondary inflammation, may easily be mistaken 
for reticulo-endothelial cells or organizing fibroblasts (Figs. 10 and 11). Only 
when the entire tumor is studied following pneumonectomy or at autopsy does 
the neoplastic nature of the cell seem to be convincingly demonstrated. 

A review of the clinical behavior of these ‘‘endobronchial sarcomas’’ affords 
further indication for separating them from pulmonary spindle-cell sarcomas. 
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Fig. 8. 


Fig. 9. 


Fig. 8.—Endobronchial sarcoma (autopsy specimen); polypoid mass producing bronchial 
obstruction. AFIP Acc. 166844. 


; Fig. 9.—Iendobronchial sarcoma: sections deep in the mass reveal neoplastic cells grow- 
ing in a sarcomatous pattern. Hematoxylin and eosin 450. AFIP Acc. 166844. 
Fig. 10.—Endobronchial sarcoma; necrotic tumor obstructing the bronchus. Neoplastic 


nature of the lesion masked by the secondary inflammatory reaction. Hematoxylin and eosin, 
x90. AFIP Acc. 166844. 


139 
: 
Fig. 10. 
ARG 


erxdydse 


JO 


PeMoys 
‘ou ¢ Asdorq 
Swstydiow 
-oo[d 
-u0) puB 


Mojeq ‘wo 
OL 
-Ul ‘Wd T 


SSBUL 


BUALOD 


USTUAq ,, 
‘SSBUL IVT TY 
SUIMOIS 
-neud ‘ysnoo 


‘sisAydowmey 


9F6T 

pue 


Avi-X pue 0} dn snyo 
Adoosoyouoaq Aq 


ysnoo 
‘ured ‘stsou 9F6L 
“eoudskq ‘ou [ 


yesuo 


[LOAM 
343 [ewsou 


YIM BULOIIBSOIGL 


ONT 


snyo 

Tres [eryo 
-u01g SUIPBAUL 
ye SUIMOIS ,, 


Adovsoyo 
-uoiqg Aq 


X SSBUL 4JOG 


AU0}00 
-B10y} Adoosoyo 
-uoiq Aq poaowos 


UIBUL 


snyouorq 


SuizooyM ‘SSOT 


‘ured ‘ySnop ‘out 


ysnoo 
‘SSO. 


ou ‘ozts Asdoiq 
sisoiqy 
-uoig Jo 
-vjou snowenbyg 
*yasuo “OUL G 
NOILVUNG 
uo HLvad 


Awa-x {Adoosoyo 
-uoiq Aq peaowod ‘ured 
SASVLSVLAIN dIHSNOLLVIAY AL SNOLANAS | SINOL 
SSOUD "IVOINI'IO -dNAS YOHLAV 
NOLLVOOT do 
NOLL 


> 
R 
5 
= 
= 
& 
4 
< 
= 


OIdOOSONDIN 


140 
& 
4 Z A 
| 
| 
| 
| | 
| 
| 
| 
| 
| 


_ 
= 


BRONCHOPULMONARY SARCOMA 


IVERSON 


yen 
-plAIpul punoie 
pue 


Sut 


‘O ‘d ‘ow snyo snyo 
-O1 -1ayipun ye IIMOT ‘Ssol WZ OS6T 
OAISSUUL JO POI] -POW -uowep ‘Wo x ‘proddjog suoistarp [eseg ‘YSNOH ‘OU OF oF 
Adoosoyouoiq 
Suureuiss 
BUIODIVS JO UOT} 
-1od 
-noug ‘teponu 
AY 
OU JO sjsou Adoossoyouoiq 
asoo[ UL Aq ‘town 
sjse[qoiqy podeys way ‘por OS6L 
‘snyouo1q yep -dowoy OL06Es dIAV 
jo wisejdeyour -uou Sururys ‘ysnoo ‘eoudsAp yy 
‘ou YJ auoN ‘yjoows ‘punoy ureu ‘ured “OW 63 pue 
enssty Jo dwny 
dn poysnoo 
yjoous “ud x snyouoiq  ‘{Surtzeoya ‘ured 
ou “1k -nu euON ‘sseut UIBUL ‘YSNOD “YM €L pue Aring 
NOLLVUOG SASVLSVLAN dIHSNOILV SWOLUWAS SWOL | xas 
Hivad ssoup IVOINI'IO -dWAS | (NV uOHLAV 
NOILVOOT 
NOIL 


! 
| 
| 
| 
| 
' 
| 


142 THE JOURNAL OF THORACIC SURGERY 
As shown in Table IT, one patient remained well four years after the spontaneous 
expectoration of a ‘‘rapidly growing fibrosarcoma.’’ In another, the lungs re- 
moved at autopsy showed only fibrosis at the biopsy site.** On the other hand, 
massive intrathoracie recurrence of another tumor of corresponding histologic 
appearance resulted in the death of the patient six and one-half vears after 
surgical removal. 

Other interesting features of this tumor may be discovered by comparing 
data from Tables I and IT. 

From the figures in Table III it is readily seen that the endobronchial 
sarcomas, in contrast to those of parenchymal origin, occur more rarely and in 
younger individuals, are discovered earlier in their development, and in_be- 
havior are relatively more benign. It may be assumed that any benign or malig- 
nant tumor of endobronehial location may easily attract clinical attention ; also 
that parenchymal tumors being ‘‘silent’’ have a much longer preoperative course. 
However, neither do these factors nor the anatomic location entirely explain 
‘the remarkable therapeutie results in patients with ‘‘fibrosareoma’’ of the 
bronchus, for similar results are not obtained even when small bronchiogenie 
carcinomas happen to be removed correspondingly early. 


TABLE IIT. ComMPARATIVE DATA FroM CASE REPORTS OF PULMONARY SARCOMA AND 
ENDOBRONCHIAL SARCOMA 


PULMONARY SARCOMA 
19 


ENDOBRONCHIAL SARCOMA 


Number of Cases 8 
Sex 
Male 4 14 
Female 4 5 


Duration 
Range 6 weeks-18 months None-7 years 


Average 7 months 17 months (14 cases) 
Age 
Range 13-46 years 18-65 years 

Average 28 years 46 years 
Location 

Main stem 7 

Upper 

Middle 

Lower 

Combined lobes 


0 
16 eases specified 
0 

Right 4 
0 
1 


Left 
Behavior 
Extrathoracic spread 


Intrathoracie extension or recurrence (after 6 yrs.) 


Whether the data in Table III are the accident of a small series, the result 
of misinterpretation of the histologic criteria for malignancy, or a true indi- 
eation of differences in behavior will not be clear until there are available larger 
series with more extensive periods of postoperative observation. Until then the 
trends revealed by these figures justify, at least, clinical separation of the 
endobronchial sarcomas from intrapulmonary spindle-cell sarcoma. 


Rare Types of Sarcoma of the Lung.—There are few reported cases of 
primary bronchopulmonary sarcoma other than those formed by spindle cells 
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of varying degrees of differentiation. Examples of ‘‘myxoliposareoma,’’ ‘‘chon- 
dromyxosareoma,’’ ‘‘myosarcoma,’’ and ‘‘giant cell sareoma’’ are recorded.*?-** 
However, in these the distribution of the tumor was so widespread that any 
possible pulmonary origin was obscured, or the tumors were so poorly differ- 
entiated that the histogenesis was uncertain. 

Malignant tumors composed of cartilaginous elements are reported with 
more frequency, but they also constitute a poorly defined group.*t Only in 
one of the recorded cases was a primary origin demonstrated.** I believe the 
theory could be advanced that the chondroblastie tissue of the bronchus is the 
source of the tumor rather than a teratoma or hamartoma, as might be suspected 
from the example reported by Krienitz.**° In 3,000 primary tumors of the chest 
filed at the Armed Forces Institute of Pathology, there are no examples of 
chondrosareoma in which the tumor is clearly of pulmonary origin. 


Similar hesitancy is experienced in the acceptance of reported eases of 
primary rhabdomyosarcoma, an exceedingly rare but important example of 
pulmonary sarcoma. Rhabdomyosarecoma metastatic to the lung may simulate 
a primary growth both clinically and anatomically, thus obscuring the true 
origin of the tumor in a distant site or in such neighboring tissues as the heart, 
mediastinum, diaphragm, or upper esophagus.***® On record is a rhabdomyo- 
sarcoma arising in the pulmonary artery.®° 

In its usual form, rhabodomyosareoma of the lung shares with chondro- 
sarcoma a disposition toward vascular spread, a possible component of several 
histologic cell types, and a tenuous relationship to teratomas or compound tumors 
in its derivation.™ 


When primary development of rhabdomyosarcoma does occur, it may be 
explained as a result of misdirection of the mesenchymal cells investing the 
bronchial buds as illutrated by Zipkin’s® case in which the bronchial walls con- 
tained striated musele. Dr. Edith L. Potter, in a personal communication, de- 
seribed a loose network of striated muscle fibers in the pulmonary interstitium 
of a stillborn infant. 

These unusual demonstrations of the potentiality of normal cells under 
abnormal conditions are correlated with the fact that there is only one recorded 
example of pulmonary rhabdomyosarcoma of unitary cell type.** The Chest 
Tumor Registry also contains one example of well-differentiated rhabdomyo- 
sareoma in which the certainty of a primary pulmonary origin was weakened 
by an apparent collision in one area with an epidermoid carcinoma of the 
esophagus. 

This tumor is of greater importance than its extreme rarity indicates be- 
cause it is often considered in the differential histologic diagnosis of certain 
types of bronehiogenie earcinoma.** 


DIFFERENTIAL HISTOLOGIC DIAGNOSIS 


The imitators of bronchopulmonary sarcoma that are most frequently con- 
fused with the true primary tumors are ‘‘oat-cell’’ carcinoma,” postinflamma- 
tory repair,®” and pleomorphic-cell carcinoma of the bronchus.® 
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When a peripheral sarcoma encroaches upon a bronchus, it may in the 
biopsy specimen resemble undifferentiated cell carcinoma of the bronchus (‘‘oat 
cell’? or ‘‘reserve-cell’’ carcinoma) (Fig. 2). The diagnosis is of great impor- 
tance since the epithelial tumor, according to statistics from the Armed Forces 
Institute of Pathology, is 500 times as common and is more rapidly fatal to 
the patient. The frequent diagnosis of sarcoma of the lung in the medical 
literature may be the result of confusion of these two tumors. Reticulum stains 
are especially useful in differentiation, since the reserve cell carcinoma was 
shown in the course of this study to produce no stainable reticulum and each 
sarcoma, stained at the same time, displayed small or large amounts of this 
material (Fig. 4). 

In other instances inflammatory reactions in the bronchus or pulmonary 
parenchyma may stimulate such proliferation and repair as to produce a tumor 
resembling true neoplasia. Brown and Johnson® have recently described this 
process in the pleura resulting from poorly resolved, localized exudate. Some- 
what similar examples have been previously reported in the lung,** °-7? and 
four cases have been more recently described.** These, like the peripheral sar- 
comas, may be well-cireumscribed, firm, white, and slow growing. However, they 
are usually smaller than sarcomas, and the admixtures of inflammatory cells, to- 
gether with bits of bronchiolar epithelium which may be attracted to the mass, 
serve to distinguish the puzzling fibroblast as reactive rather than neoplastic. 
Differentiation may be impossible when portions of the ‘‘inflammatory tumor’”’ 
are composed solely of fibroblasts, colonizing in whorls and duplicating a fibro- 
sarcoma. 

The endobronchial sarcomas are among the most difficult to diagnose. Not 
only may the neoplastic process be masked by secondary inflammation but when 
biopsy of a small polypoid tumor does reveal a sarcomatous pattern, the patholo- 
gist may not be certain whether the tumor is a true sarcoma or an epidermoid 
carcinoma showing spindle changes (Fig. 12). Ackerman” recently described 
four eases of the polypoid tumor designated ‘‘carcinosarcoma’’ by him and 
‘‘sareomatoid earcinoma’’ by others.”> This polypoid compound tumor is slow 
growing, of relatively low malignancy, and its behavior is more like that of 
true endobronchia] sarcoma than like that of orthodox examples of bronchiogenic 
carcinoma (Fig. 12). Although differentiation may be of only academic impor- 
tance, it can be made in some instances by multiple sections showing clearly 
squamous epithelium in transition to sarcomatous structures (Fig. 13). 


Although reported examples of rhabdomyosarcoma are extremely rare, 
their importance lies in the fact that they may be confused with pleomorphic 
cell carcinoma.®*» ® In this type of bronchiogenic carcinoma the neoplastic cells 
become dissociated and bizarre imitating the large ‘‘plasmodial’’ giant cells 
described as a variant of rhabdomyosareoma.”® ** The differentiation of the 
two tumors is of both therapeutic and prognostic significance, for a study of 
nine examples of pleomorphic cell carcinoma reveals that this tumor tends to 
achieve a large, bulky growth which, by virtue of its relentless local extension 
or distant metastasis, kills the patient more swiftly. Search for cross striations 
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Fig. 13.—Sarcomatoid epidermoid carcinoma of bronchus. 


Fig. 12.—Sarcomatoid epidermoid carcinoma of bronchus. Hematoxylin and eosin, X1 
of large portions of the tumor is con 
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or for fibers impregnated with silver may aid in distinguishing the two tumors. 
If these features are absent, multiple sections of these bizarre giant cell tumors 
wil! usually reveal mucus production, abortive gland formation, or syncytial 
patterns, which aid in the accurate diagnosis of the tumor as ‘‘careinoma.”’ 


SUMMARY AND CONCLUSIONS 


1. The cases reported here are acceptable as pulmonary spindle-cell sarcoma 
on the basis of clinical and morphologic evidence. This tumor is most frequently 
a well-cireumsecribed neoplasm, composed of immature spindle cells; it occurs 
in middle life, is of relatively long duration, and metastasizes in approximately 
one-third of the eases. 

2. Sareoma in the proximal bronehi differs from sarcoma of parenchymal 
origin in that it oceurs even more infrequently, affects chiefly young adults, is 
relatively less malignant in behavior, and is usually shown to be composed of 
mature fibroblasts. 

3. Other types of mesodermal sarcomas, such as liposarcoma, rhabdomyo- 
"sarcoma and chondrosarcoma are so very rare that only isolated examples have 
been reported. 

4. The accurate morphologic diagnosis of bronchopulmonary sarcoma is 
complicated by its more frequent imitators. These are: (a) undifferentiated 
cell bronchiogenie carcinoma, which may be distinguished from poorly differ- 
entiated pulmonary sarcoma by reticulum stains; (b) postinflammatory fibro- 
blastie repair simulating neoplasia and resembling well-differentiated pulmonary 
sareoma; (¢) polypoid epidermoid carcinoma with sarcomatoid differentiation, 
which in behavior and in structure may imitate endobronchial sarcoma ; and (d) 
pleomorphie cell carcinoma of the bronchus, which is often diagnosed myosar- 
coma or rhabdomyosarcoma. 
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EXPERIMENTAL PRODUCTION OF PROGRESSIVE PULMONIC 
STENOSIS 


Davin E. Donan, B.V.S., M.R.C.V.S.,* AND JoHN W. M.D.** 
ROcHESTER, MINN. 


O DATE no one has described an ideal method for the gradual occlusion 

of a large vessel wherein the degree of occlusion present at a given time 
could be predicted; this lack occurs in spite of the facts that the problem has 
attracted attention for many years and that a variety of methods have been 
employed in pursuit of this goal. Reports on the use of metal bands,’ fascial 
strips, ligatures of cotton or silk,* the excision of part of the vessel wall,* and 
the application of dicetyl phosphate® or of Cellophane film® are found in the 
literature; various degrees of success have been claimed for the respective 
methods. 

In our laboratory, the method of wrapping of large veins with bands of 
Cellophane has been used routinely to produce gradual obliteration of the 
lumina of vessels; others’ have reported progressive narrowing of the thoracie 
or abdominal aorta in dogs by use of similar methods. Results of the applica- 
tion of such bands to the main pulmonary artery or around the outflow tract 
of the right ventricle in dogs form the subject of this report. 


METHODS 


In the first group of animals, the Cellophane was applied around the main pulmonary 
artery in its middle third. An incision was made in the left side of the thorax between 
the fourth and fifth ribs. The pulmonary artery was thus exposed and was: completely 
freed from its attachment to the aorta by sharp dissection close to the pulmonary arterial 
wall. One or two laminated Cellophane bands, 6.5 mm. in width, were placed completely 
around the vessel. In the first two dogs in this group, the band simply was fitted snugly 
around the artery, but in subsequent operations it was tightened so as to obtain an initial 
reduction of the lumen estimated to be 50 per cent of the original cross-sectional area. 
Following this procedure and after a period of observation of the heart’s action, the 
pericardium was closed and the thoracic wall restored in layers. 

The same methods of approach and closure were used in the animals of the second 
series, but in this group of dogs a tunnel was formed by dissection beneath the pericardial 
fat pads that occupy the region of the fibromuscular junction of the pulmonary artery 
and right ventricle. Two or three Cellophane bands were passed through this tunnel so 
as to encircle completely the pulmonary artery; again, an estimated 50 per cent reduction 
of the lumen was sought. By this method the bands were secured in position at the ring 
of the pulmonary valve and were prevented from riding up the artery. 

In the final group of animals, an attempt was made to produce subpulmonie stenosis. 
A midsternal incision was made in the thorax and the heart was cradled by pericardial 
stay sutures.. A finger was inserted into the cavity of the right ventricle through a stab 
wound made approximately 6 cm. below the ring of the pulmonary valve. With this finger 
utilized as a means of control, a long, slightly curved needle was driven through the inter- 
ventricular septum 1.5 to 2 em. from the pulmonary valve and made to emerge beneath 
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the right coronary artery 1 to 1.5 em. from the ring of the valve. A Cellophane band, 
6.5 mm. in width, was attached to the needle and pulled through the interventricular sep- 
tum. The band was then threaded across the lateral aspect of the wall of the right ven- 
tricle in a series of short bites until the original point of entrance was reached. The band 
was tied under some degree of tension and the knot secured with a cotton ligature. The 
pericardium was closed with interrupted sutures and the thoracic wall restored. 
Preoperative roentgenograms and electrocardiograms were obtained, and these studies 
were continued in the postoperative period. Catheterization of the right side of the heart 
was performed at intervals throughout the time of observation; the pressures were re- 
corded by means of a saline manometer. In some animals, the final readings were ob- 
tained by means of a strain-gauge galvanometer system similar to that described by Wood.8 


RESULTS 


Placing the Cellophane bands at operation was not without hazard; in- 
stances were encountered in which a tear was occasioned in the thin-walled 
pulmonary artery. Experience demonstrated that freeing of the vessel was 
accomplished best by dissection with sharp scissors in the plane of tissue be- 
tween the arterial wall and its overlying fibrofatty tissue, aided by blunt 
dissection during which the points of a right-angled gall bladder clamp were 
worked against the tip of the finger. Also, it was not easy to judge the correct 
amount of initial constriction; overzealous immediate tightening of the band 
resulted in death from excessive obstruction to the outflow of the right ven- 
tricle. 

Instances of what might be interpreted as pulmonary vasoconstriction 
were encountered in two dogs. During dissection, the pulmonary artery sud- 
denly decreased greatly in size; this was followed quickly by ballooning of the 
right ventricle and a noticeable slowing and weakening of cardiac action. 
This state was maintained for three or four minutes, when an equally sudden 
return of the pulmonary artery to its previous size occurred, accompanied by 
rapid disappearance of the right ventricular dilatation and resumption of 
normal eardiae action. One of these two dogs was found dead the morning 
after operation; findings at necropsy were indicative of acute obstruction to 
outflow from the right ventricle. 

It was noted also that only one or two bands should be placed. If more 
than this number were applied, they combined to form a hard, unyielding 
ring that ultimately eroded through the wall of the pulmonary artery. 


PULMONIC STENOSIS 


Studies of Pressure-—The dogs in the first group were ecatheterized twice, 
once within a month of operation and again just prior to death. The results 
are given in Table I. Right ventricular hypertension was demonstrated in 
two of four surviving dogs. These two animals were among those in which 
initial reduction in the lumen of the pulmonary artery had been obtained. 
Pressures in the pulmonary artery distal to the band, in the right auricle, and 
in the inferior vena cava were within normal limits. 

The animals in the second group were catheterized more frequently; the 
results are listed in Table II. Two dogs showed slight increase of right ven- 
tricular pressure early in the postoperative per‘od, but a progressive increase 
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TABLE I, MEAN BLOOD PRESSURES IN 4 DoGS AFTER SIMPLE PLACEMENT OF CELLOPHANE 
BANDS AROUND PULMONARY ARTERY 


PRESSURES, MM. OF MERCURY REDUCTION 


INFERIOR RIGHT PULMONARY RIGHT IN LUMEN, 

DAYS P.O. | VENA CAVA AURICLE ARTERY VENTRICLE | PER CENT | HYPERTROPHY 
240 3 4 20 39 76 Present 
210 4.4 4 > 46 81 Extensive 
212 2.2 0.6 - 13 40 Present 
224 3 0.9 16 13 39 Absent 


*Unable to pass catheter into pulmonary artery. 


was revealed during later studies. Right ventricular hypertension was present 
finally in three of the four dogs in this group; again, pressures in the pul- 
monary artery and right auricle remained within normal limits. No evidence 
was noted of elevation of the end-diastolic pressure in the right ventricle. 
One of the animals which exhibited increased pressure in the right ventricle 
early in the postoperative period was found dead on the nineteenth postopera- 
tive day; the wall of the pulmonary artery had been eroded by the constricting 
Cellophane band. 


TABLE IT. MEAN BLOoop PRESSURES (EXCEPT WHERE INDICATED) IN 4 DoGS AFTER ANCHORING 
CELLOPHANE BANDS AROUND PULMONARY ARTERY 


PRESSURES, MM. OF MERCURY REDUCTION 


DAYS INFERIOR RIGHT PULMONARY RIGHT IN LUMEN, HYPER- 
DOGS P.O, VENA CAVA | AURICLE ARTERY VENTRICLE | PER CENT TROPHY 
| 16 9 6 17 35 
57 7 6 19 34 
117 = 4/-1 18/10 95/1 77 Present 
2 22 4 1 13 14 
64 2 0.7 11 15 
93 6/2 5/1 24/8 60/1 63 Slight 
3 12 14.5 14.5 34 26 Pulmonary _— Present 
artery 
eroded by 
band 
4 13 4 1.5 18 14 
37 2.6 1 21 20 


-3/-5 30/12 29/-3 64 None 


Electrocardiograms.—No changes were observed in postoperative records 
until the third day. At this time, slight elevation of the S-T segment was 
noted in Leads I, II, III, and aVy and depression of the S-T segment of equal 
magnitude was present in leads aVp and aV_; these changes were accompanied 
by an increase in the amplitude of the T wave in all leads. These alterations 
progressed to a maximum on the seventh day, when the shift of the S-T seg- 
ment was well defined and the size of the T wave was equal to, or exceeded, 
that of the QRS complex. From this point the modifications regressed until, 
on the seventeenth postoperative day, the S-T segment was again on or near 
the base line and the T wave was the same size as that in control records. Be- 
ginning at this time, gradual alterations of the QRS complex were noted, the 
most prominent features being an increase in depth of Q;, Su, and Say, with 
inerease in height of Rayr and decrease of Sayr. These variations progressed 
to produce final records that were greatly different from control records, a 


2 


152 THE JOURNAL OF THORACIC SURGERY 


mainly negative deflection being noted in Leads II and aVy, while aVp had 
become wholly positive. A biphasic deflection of approximately equal nega- 
tive and positive components was recorded from Leads III and aV;. In these 
last records, a positive shift occurred in the S-T segment in Leads II, III, and 
aVr, with an accompanying negative displacement in lead aVp. No significant 
alteration was noted in the duration of the QRS interval at any time during 
the period of observation. An example of these changes in configuration of 
the QRS complex is seen in Fig. 1. 

Animals in which right ventricular hypertension did not develop yielded 
postoperative records similar to those obtained during the preoperative 
period. 


6 hour 
post-op 


5 days 
post-opi 


105 days' 
post-op 


Fig. 1.—Electrocardiographic changes during development of right ventricular hypertension. 


Roentgenograms.—In only one dog was any evidence of cardiae enlarge- 
ment obtained by roentgenologic examination. In this animal, slight enlarge- 
ment of the cardiac shadow was seen toward the end of the first month; defi- 
nite evidence of increase in size was present at the beginning of the third 
month. The records were made with the animal in the anteroposterior posi- 
tion, and the increase in size of the cardiac shadow was noted along the lateral 
border of the right ventricle. This animal exhibited the greatest right ven- 
tricular pressure recorded in this study. 


Necropsy and Histologic Findings.—In all dogs the Cellophane bands 
were buried in a mass of firm, fibrous tissue that was adherent to neighboring 
structures. Although this connective tissue was applied closely to the Cello- 
phane, it was not adherent to the bands and they could be extracted from 
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their beds with little difficulty. Apart from being somewhat more brittle than 
before, the bands were unaltered grossly. In the first series of animals, the 
bands had moved toward the bifureation of the pulmonary artery, so that 
compression of the right and left branches was present at their origin, rather 
than compression of the main pulmonary trunk. In the second group of an- 
imals, the original placement essentially was maintained. In all instances, 
the cross-sectional area of the lumen of the vessel was reduced at the point 
of application of the band; measurement of this constriction revealed that 
only when the lumen was reduced by at least 63 per cent of its original size 
was right ventricular hypertension present. One exception was noted; one 
dog, which had no evidence of right ventricular hypertension on catheteriza- 
tion and which had a luminal reduction estimated at 40 per cent, had hyper- 
trophy of the right ventricle at necropsy. 

The pulmonary artery beneath the band usually appeared normal grossly, 
although it was thinner than in immediately adjacent parts. Small ridges of 
endothelium were present at the point of greatest constriction in two dogs 
which had hypertension. In addition, an oval aneurysmal area, 1 by 0.5 em., 
was found in one of these dogs; this aneurysmal change was situated in the 
posterior wall of the pulmonary artery approximately 2 or 3 mm. on the right 
ventricular side of the bands. Prestenotie or poststenotie dilatation of the 
pulmonary artery was not found in any animal. 

In dogs displaying hypertension, the right ventricle was enlarged and over- 
hung the left so that the length from base to apex was equaled by the widest 
diameter. Measurements of the width of the muscle of the right ventricle 
demonstrated an increase in the muscle mass of the hearts of hypertensive 
dogs when compared to hearts of normal dogs or of those in which hyperten- 
sion did not develop (Fig. 2). 

Histologically, compression and atrophy of the pulmonary arterial wall 
were noted beneath the band, associated with a subendothelial increase in 
connective-tissue elements, especially on the right ventricular side of the con- 
striction. No alteration was found in the endothelial lining throughout the 
main pulmonary vessels. 


SUBPULMONIC STENOSIS 


In no instance was evidence of right ventricular hypertension or hyper- 
trophy found in dogs which had subpulmonie stenosis, nor had the encircling 
Cellophane band produced any obstruction to outflow from the right ventricle. 
The bands were found encased in a small rim of dense fibrous tissue, sharply 
defined from the surrounding muscle; in only one animal was the band found 
to be broken. One dog exhibited a small outpouching of the wall of the right 
ventricle between the band and the ring of the pulmonary valve, but 
catheterization studies revealed no obstruction to outflow from the ventricle. 


Microscopie examination of the parts through which the bands had passed 
revealed that an encircling ring of densely packed, practically avascular, 
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collagenous fibers had been laid down around the band. This layer of fibrous 
tissue was distinct from the adjacent cardiae muscle, which exhibited no ab- 


normal features. 


COMMENT 


Though the series studied was relatively small, points of technique con- 
tributing to suecess or failure were carefully considered in each case. It was 


Fig. 2.—a, Anterior view of hearts. The specimen on the left was from a dog which 
did not exhibit right ventricular hypertension; that on the right was from an animal which 
exhibited a mean right ventricular pressure ‘of 46 mm. of mercury; b, cross section of a 
heart from a dog which had right ventricular pressure of 95/1, expressed in mm. of mercury ; 
note oe and hypertrophy of the right ventricle and the degree of stenosis of the pul- 
monary artery. 
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considered that the major factor in eventual production of right ventricular 
hypertension resided in the degree of initial constriction produced at opera- 
tion; if this was insufficient, the later stricture did not offer enough resistance 
to outflow from the right ventricle to promote hypertension, while if it was too 
severe, the right ventricle was unable to maintain circulation against the ex- 
cessive load. Gibbon and co-workers’? have shown that the cross-sectional 
area of the pulmonary artery may be reduced by approximately 60 per cent 
before hemodynamics are altered. On the basis of this and other work,’ the 
figure of 50 per cent was used as the goal of initial constriction in this series, 
but unfortunately no method was available to insure that this degree of nar- 
rowing was obtained in all cases. 


That the stenosis was of a progressive character was evidenced by results 
of the catheterization studies. Records obtained soon after operation were 
similar to control records; several weeks passed before a substantial increase 
in right ventricular pressure was noted. It was interesting to find that even 
in a dog which demonstrated a right ventricular systolic pressure of 100 mm. 
of mereury no elevation was found in the end-diastolic pressure, while the 
pressures within the right auricle and the vena cavae remained within normal 
limits. This situation denotes that the ventricle had fully compensated for 
the increased resistance to outflow. This compensation was accomplished in 
all eases without the development of a gross degree of muscular hypertrophy. 
Similar findings were reported by Holman and Beck,'' who noted that an 
increase in flow was a more potent stimulus to cardiae hypertrophy in animals 
than was resistance to outflow. All dogs showed a decrease in pressure across 
the region of stricture; the degree of stenosis was paralleled by the amount 
of right ventricular hypertension. 

No immediate electrocardiographic changes of importance were noted 
after the bands were placed around the pulmonary artery, but later observa- 
tions revealed two interesting periods of change. During the first period, 
which lasted from about the third to the seventeenth postoperative day, 
electrocardiographie findings were compatible with those of right ventricular 
strain as described by Goldberger.'? It is possible that the early and vigorous 
reaction of tissue to the presence of Cellophane produced a temporary stric- 
ture of the pulmonary artery that was sufficient to embarrass the right ven- 
tricle; then, as the early changes of inflammation regressed, the lumen again 
widened sufficiently to cause little resistance to outflow from the right ven- 
tricle. Unfortunately, no studies of pressure were made during the acute 
phase of this period. The second phase commenced during or shortly after 
the terminal stages of the first, and the major changes were noted in Leads II, 
IIT, aVp, and aVy. These alterations consisted of almost complete reversal in 
direction of the major QRS component in each lead and were progressive from 
week to week, finally becoming stabilized between the seventieth and ninetieth 
days. Comparison between similar leads from these hypertensive dogs and 
from a 15-month-old greyhound that had congenital pulmonic stenosis and 
extensive hypertrophy of the right ventricle demonstrated a close resemblance 
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among the records. 
criteria necessary for the electrocardiographie diagnosis of hypertrophy of 
the right ventricle in man." 


were indicative of the progressive nature of the stenosis. 
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The thoracic leads in each instance fulfilled many of the 


Histologically, thinning and atrophy of the pulmonary arterial wall were 


noted beneath the band, together with an increased amount of subendothelial 
connective tissue mainly on the central but also on the peripheral side of the 
region of stenosis. In one dog, a small area of erosion was noted in the ar- 
terial wall, presumably caused by turbulent flow created by increased re- 
sistance. Otherwise no extensive changes occurred in the pulmonary artery. 


SUMMARY 


Wrapping of Cellophane bands around the pulmonary artery in dogs re- 


sulted in right ventricular hypertension and hypertrophy of the right ven- 
tricle. The major factor contributing to a successful end result was thought 
to be the initial degree of constriction produced at operation. 


Results of cardiac catheterization and of electrocardiographic studies 
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LUNG ABSCESS AND BRONCHIAL CATHETERIZATION 


H. Merras, M.D., anp J. CuHarpin, M.D. 
MARSEILLE, FRANCE 


I. BRONCHOGRAPHY BY CATHETERIZATION IN LUNG ABSCESSES 


E SHALL deal only with lung abscesses apparently due to no pre- 
existing lesions, such as bronchial carcinoma, neighboring bronchiectasis, 
hydatid eyst, ete. 

It is customary to say”® ?* 34 that bronchography does not inject the cavity 
of such abscesses. That is true as far as the classical techniques of bronchial 
opacification are concerned. On the other hand it is possible to obtain satis- 
factory opacification of lung abscesses by injecting the contrast medium by 
means of a catheter into the diseased lobe or segment. We deem such a pro- 
cedure to be highly profitable since it gives us an accurate anatomic picture 
of the lesions at the beginning of treatment; adequately localized antibiotic 
instillations are thereby made possible. At the end of treatment it contributes 
to the correct appreciation of the final results. Applied to a whole series of 
lung abscesses, it enabled us to get a clearer picture of their anatomic evolu- 
tion and in particular to make apparent the remarkable frequency of residual 
cavities. 

We shall successively deal with our equipment, the technique of accurate 
bronchography in abscesses, and the subsequent results. 


EQUIPMENT 


The catheters (Fig. 1) that we use* are made of rather stiff rubber. The 
end of the catheter is made opaque by the addition of lead salts. They allow 
a deeper and more accurate penetration into the bronchial tree than Thomson’s 
catheter. They come in two diameters: No. 19, the larger of the two, con- 
venient for aspirations and total bronchography with water-soluble medias, 
and No. 15, the smaller, which is used in most eases. 

Different types of catheters may be obtained: Straight catheter. Curved 
catheter whose end makes an angle of approximately 100 degrees with the body. 
This type of catheter is most often used; in total bronchography it makes it pos- 
sible to switch rapidly from the right to the left side, and its extremity lodges 
easily at the entrance of the upper lobe bronchus. It is also used for the 
middle lobe, and the various segments of the lower lobe (with the exception, 
however, of the apical segment). Strongly curved, hook-shaped catheter con- 
venient for catheterizing the apical segment of the upper lobes. Catheters with 
a double bend, necessary to penetrate the posterior and anterior segments of 
the upper lobe and often quite useful to enter the bronchus leading to Nelson’s 
lobe. For instance, the same catheter will be used for the posterior segment 

Received for publication March 10, 1953. 

*Designed by H. Metras and manufactured by the firm Gentile in Paris. 

157 


a 

ES 


158 THE JOURNAL OF THORACIC SURGERY 


of the right upper lobe, for the lingula of the left upper lobe, and for the 
apical segment of the right lower lobe. 

A sensible choice of sound plays a considerable part in the final success. 
Several attempts are sometimes necessary to hit upon the right type of sound. 
In some cases, no sound has the curve necessary and it must be modified for 
the case in question. 

3efore finishing we would like to point out the ingenious little instrument, 
devised by Pieri and Casalonga."’ It is a catheter whose tip can be directed 
and whieh ean render real service in the catheterization of segments difficult 
to enter (in particular the apical segment of the superior lobe). Gidlund of 
Stockholm suggested the use of a similar catheter. 

A steel mandrel is used to guide the catheter down to the glottis. 

A conical adaptor, because of its eylindrical grooves, allows a satisfactory 
tightness of the svringe-sound group. 


Fig. 1.—Equipment, from top to bottom: the sound on its mandrel, a straight catheter, a 
curved catheter, a double curved catheter, another type of mandrel, the conical adaptor. 


TECHNIQUES 


A. Anesthesia—We use a preanesthesia: 0.20 Gm. gardenal and 0.5 mg. 
atropine one-half an hour before the examination, then a 1 per cent solution of 
Pantocaine above the larynx and a 0.5 per cent solution in the bronchial stage. 
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The use of a Vilbiss atomizer allows a notable saving of drugs in the bueco- 
pharyngo-laryngeal stage. The total dose of Pantocaine used must not exceed 
0.001 Gm. for each kilogram of weight. If this rule is adhered to and if bar- 
biturates are used as preanestheties, toxic accidents are negligible. 

B. Catheterization —When the anesthesia is complete the patient is made 
to strip to the waist. The selected catheter is slipped over the guiding mandrel 
previously lubricated with Lipiodol (we make sure that the catheter moves 
freely along this mandrel) then with the help of a laryngeal mirror the end 
of the catheter is placed at the entrance of the larynx. All we have to do then 
is slip the catheter off the mandrel while holding the latter in position. When 
the passage of the sound is difficult, as in the cases of catheters with double 
curves, it is advisable to push the catheter beyond the glottis with the help 
of the laryngeal mirror; in this instance the catheter should be pushed in by 
an assistant. 

Before leaving the site of anesthesia, we make sure that the catheter is 
correctly placed in the trachea. (One is relatively sure it is well placed if the 
catheter can be moved freely; the patient can no longer talk.) 

The patient is then requested to close his mouth and hold the catheter in 
his fingers as he would a cigarette. The remaining procedure is conducted 
under fluoroscopie control by means of small back and forth and revolving 
motions; the end of the catheter should be introduced into the lobe or the seg- 
ment to be catheterized. For this procedure the diaphragmatic opening should 
be very small so that clear front and lateral view of the end of the catheter 
may be obtained. Once the catheter is placed, the anesthesia is completed 
with an injection of 1 ¢.e. of a 0.5 per cent solution of Pantoeaine. 

C. Bronchography.—The patient’s position is of little importance if a 
cavity has to be injected since the catheter blocks the return of the Lipiodol, 
and the examination can be made with the patient standing behind the screen. 
If a more extensive bronchograph is desired, for example, that of a whole 
upper lobe, we, of course, must take into account the laws of gravity and 
operate while the patient is in a lying position. 

The most classical contrast medium is a 40 per cent solution of Lipiodol 
but, in those localized bronchographies which are performed in order to inject 
abseess cavities, we are much in favor of water-soluble drugs, of the Ioduron 
33 Umbradyl,?” or Diodone* type, whose advantages we have pointed 
out.6 Sueh drugs make possible repeated opacifications of the cavity without 
undesirable residual shadows. Moreover, Diodone, extremely irritating in total 
bronchography is, in this case, injected through the trachea and the larger 
bronchi, that is, through the most sensitive parts of the bronchial tree, by 
means of the catheter which makes it perfectly tolerated. 

With this technique it is possible to inject, though sometimes after a few 
failures, nearly all lung abscess cavities. The catheter never penetrates the 
eavity proper; it blocks up its draining bronchus and the opaque medium in- 
jected penetrates, wholly or nearly so, the suppurative lesion. 
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DATA OBTAINED BY BRONCHOGRAPHY IN LUNG ABSCESSES 


Bronchography must be done at the beginning and at the end of treat- 
ment of lung abscesses in order to be able to appreciate the quality of the 
healing. 

A. Initial Bronchography.—It presents numerous advantages as Mattei 
clearly pointed out. It definitely localizes the involved segment. It makes 
possible an accurate anatomic picture of the suppuration to be treated. In 
some eases, Lipiodol shows lesions that standard x-ray examinations do not 
at all disclose; for instance, it outlines one of those fistulas created by paren- 
chymatous suppurations between two segments, or even through an interlobar 
fissure. Such communications prove particularly frequent between the diverse 
axillary zones, 

For the physicians who treat abscesses with instillations, initial bron- 
chography assures a still more valuable function: the contrast medium shows 
the antibiotic its way. The practitioner knows that if he uses the same cathe- 
ter held in the same position, he will safely inject penicillin, Aureomycin, or 
Chloromyeetin into the abscess. 

It is often advisable with a patient suffering from acute suppuration to 
postpone a few days such an examination. As soon as he is hospitalized, we 
submit such a patient to a systemic antibiotic treatment: penicillin, or even 
better Iodhydrate of the diethylaminoethylic ester of benzyl penicillin, Aureo- 
myein or Terramyein, according to the bacteriologic data. We immediately 
perform a bronchoscopy ; this examination enables us to spot which segmentary 
opening exudes pus, to get bacteriologie samples in situ and to cleanse the dis- 
eased opening with adrenalin. The radiologie file has in the meantime been 
established with a good lateral film as the master document. We then proceed 
to make a first instillation which enables us to select the appropriate catheter, 
and one or two days later we perform our initial bronchography. | 

If Lipiodol is applied, we shall use a small dose, 5 ¢.c. at most, so as not 
to interfere with later radiologic examinations; but, as we have pointed out, 
it is better to apply diodone to such eases; the images obtained are a little 
less spectacular (Figs. 2, 5, 9, and 10) but the advantage of an instantaneous 
resorption is very great in the case of an affection that will have to be watched 
daily under x-ray examinations. 

B. Final Bronchography.—We deem this step to be of a still greater im- 
portance than the initial examination. It is indeed necessary to make another 
anatomie checkup at the end of the treatment (whatever the technique used). 
Bronchography often gives more accurate results than tomography, as Case 1 
shows. 


Case 1.—A tanner, 48 years old, after one week of fever in January, 1951, expec- 
torated a small quantity of putrid sputum. He was hospitalized on Jan. 15, 1951. He 
expectorated 150 Gm. of pus daily. X-ray findings included a large cavity in the pos- 
terior segment of the right upper lobe. After 38 days of systemic penicillin treatment, 
one million units daily (no local treatment), there was clinical and radiologic recovery. 
Tomographies taken on Feb, 27, 1951, showed a small suspicious image within 8 em. of 
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the posterior aspect. On March 5, 1951, a diodone bronchography showed a residual cavity 
in the posterior segment of the right upper lobe (Fig. 2). The patient was discharged 
under observation. 


In the final bronchography, there are fewer inconveniences to the use of 
Lipiodol and it is often interesting to pull back the catheter into the main 
bronchus after a local injection of the diseased region, in order to make a com- 
plete opacification of the diseased lung so as to verify the soundness of the 
whole bronchial tree. © 


Fig. 2 (Case 1).—Abscess of the posterior segment of the right upper lobe treated 
by systemic penicillin; clinical healing. Bronchography at the end of the treatment showed 
small residual cavity. 


At the end of a treatment, bronchography may reveal a strictly normal 
bronchial tree; on the other hand it often makes apparent residual lesions: 
bronchial dislocations and distortions, small local bronchiectasis, and espe- 
cially residual cavities at the site of the suppurative lesion. When careful 
bronchographies are performed on patients clinically ‘‘healed’’ of their lung 
abseess, residual cavities are frequently discovered. We were impressed by 
the fact that such cavities are often quite well tolerated, provided they are 
of small volume and in a location allowing drainage. We have nine patients 
under observation who have been clinically healed for more than two years 
in spite of considerable anatomic sequelae revealed at the end of the treat- 
ment. Cases 2 and 3 are of such a type. 

CASE 2.—A 55-year-old market fishmonger, an obese woman, was without any respira- 


tory incident. On April 27, 1949, she presented an acute pneumonitis with an abrupt 
beginning. She was hospitalized on May 10, 1949, in a serious condition which made any 
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immediate local intervention inadvisable. Under systemic penicillin treatment the pa- 
tient’s general condition improved but purulent expectoration and radiologic symptoms 
persisted. The first instillation was made on June 1, 1949. Bronchography performed after 
the fifth instillation showed a large bilocular cavity in an axillary branch of the anterior 
segment of the right upper lobe. Eight more instillations of one million units penicillin 
were given. At the beginning of July, the clinical recovery was complete. The patient 
left the hospital; she was examined again on Jan. 24, 1951. Clinical recovery persisted, and 
the standard film was normal, 


Fig. 3 (Case 2).—Lipiodol bronchography = weeks after clinical healing, small residual 
cavity. 


In Case 2, we have been unable to establish what became of the residual 
cavity by means of a later bronchography. On the contrary, the interest in 
Case 3 lies in the fact that segmentary Lipiodol still revealed a residual cavity 
in a patient who has been well for over two years. 


CASE 3.—L. A. Z., 56 years old, was hospitalized in November, 1948. An abscess in the 
posterior segment of the right upper lobe showed marked improvement after nine instillations 
of 400,000 units of penicillin. On Feb. 8, 1949, bronchography revealed a residual cavity 
and bronchial irregularities. After six more instillations there was clinical healing. The 
patient was examined again in May, 1951, and there was no respiratory manifestation since 
the patient’s abscess. However, the bronchography performed on May 23, 1951, showed two 
very small residual cavities in the posterior segment of the right upper lobe (Fig. 4). 


Obviously there are less favorable cases where either large or poorly 
drained cavities precipitate a relapse of the suppuration. Here again, bron- 
chography gives an accurate surgical orientation as Case 4 demonstrates. 


Case 4.—D. U. R., a 45-year-old salesman, had an abscess in the apical segment of 
the right upper lobe in May, 1950. Healing occurred after local penicillin treatment, yet 
a huge cavity persisted which was easily injected with diodone (Fig. 5). The location 
of the cavity as well as the patient’s rather poor general condition made resection inad- 
visable at this time. Relapse occurred in January, 1951; a total diodone bronchography 
injected no cavities; however, an accurate bronchography performed with Pieri’s catheter 
revealed a large residual cavity. Lobectomy was performed after cleansing instillations 
(Dr. Reboud). Histologic examination revealed a nonepithelized intraparenchymatous 
cavity. 
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CONCLUSIONS 


In the treatment of lung abscesses, accurate bronchography, using prefer- 
ably a water-soluble contrast medium, yields valuable information on the size 
and the exact location of initial lesions as well as on the amount of anatomic 
healing. 


Fig. 4. Fig. 5. 
Fig. 4 (Case 3).—Abscess of the posterior segment of the right upper lobe healed by 


instillations. On May 23, 1951, two years and one-half after the clinical healing, bron- 
chography still two small residual cavities. 


Fig. 5 (Case 4).—Abscess of the apical segment of the right upper lobe, treated by in- 
stillations in May, 1950. Diodone bronchography on July 31, 1950, huge residual cavity. 


II, TREATMENT OF LUNG ABSCESS BY MEANS OF CATHETER INSTILLATIONS 


Since 1945 we have used the catheter just described for therapeutic pur- 
poses. This method proved most effective in the treatment of lung abscess. 
The technique used was the same as the one described previously; the same 
catheter, and the same position that made a satisfactory opacification of the 
cavity possible at the time of the initial bronchography were used. When the 
catheter was in the correct position, the patient standing behind the fluoro- 
scopic screen, anesthesia completed by injecting 1 ¢.c. Pantocaine, and the 
patient placed in such a position as to allow the injected fluid to remain as 
long as possible in the suppurative focus, the therapeutie substance was then 
slowly injected. 


For a long while, the antibiotic used was penicillin alone (one million units 
in a 3 «ce, saline solution). Actually penicillin remains active in suppurations 
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caused by anaerobes and often in those caused by gram plus bacteria. If a 
study of the organisms reveals a poor sensitivity to penicillin, sulfonamids 
shall be used (1 gr.) or Aureomycin (0.10 Gm. plus sodium glycinate) or 
Chloromyeetin (0.25 Gm.), but this latter is much more irritating for the 
bronchial tree. Thus we very often use a mixture of one million units of 
penicillin plus 0.10 Gm. Aureomyein plus 1 Gm. sulfadiazine for the same 
instillation. 

Without neglecting the useful action of systemic antibiotics and of pos- 
tural drainage, instillations are made every day or every other day. As a 
rule the patient becomes accustomed to them easily; as soon as the second or 
third instillation we have performed them without any preanesthesia. The 
patient’s temperature very frequently shows a slight rise in the evening of 
the day when the instillation is made, but this is not alarming. 

When the instillations prove effective, they do so promptly and their ac- 
tion can be felt in the decline of temperature and less abundant sputum. The 
total number of instillations can vary between six and about twenty ; however, 
they should be discontinued if a marked improvement has not appeared after 
six or eight instillations. Most of our hospitalized patients have been sub- 
mitted, prior to their admission, to treatment by several systemic antibiotics 
or aerosols. Frequently, we have found that the very same antibiotic that 
has hitherto proved ineffective, becomes effective when injected right into 
the suppurating focus. It is quite likely that the sort of ‘‘chimney-sweeping”’ 
effected by the catheter as it penetrates into the draining bronchus has an im- 
portance of its own apart from the antibiotic action. 

Since initial bronchography enables us to make sure that the substance is 
correctly injected into the abscess, we think our method as accurate and less dan- 
gerous than the transparietal injections favored by many authors.*> 1% 2? 2° The 
use of a rubber catheter (placed with the patient behind the fluoroscopic screen) 
also seems to be preferable to the use of a bronchoscope,!” 1* 7° since repeated 
bronchoseopies have a more traumatizing effect than instillations and because 
an injection performed through a bronchoseope, no matter how skillful the 
physician, is much less accurate than a catheter injection. 

We have eliminated from our statistics all suppurations secondary to a 
pre-existing bronchopulmonary lesion: hydatid eyst, bronchial carcinoma, 
bronchiectasis, ete. We are concerned only with apparently primary abscess. 
We have also had to eliminate about fifteen cases in which our data were too 
incomplete and cases in which we lost contact with the patients. The remain- 
ing fifty-one cases between 1946 and 1952 form the basis of this study. All 
these patients were examined again in 1951 or 1952 by one of us and many 
have been submitted to tomographic and bronchographic checkups. 

1. Etiological Data—Of these patients 46 were men and 5 were women. 
Their ages appear in Table I. 


TABLE I. AGES OF PATIENTS 


AGE | 20 or less | 20 to 30 | 30 to 40 | 40 to 50 | 50 to 60 | 60 or over 
No. of cases 2 1 8 20 14 4 
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The age was not noted in two cases. A definite etiology was apparent in 
seven of the fifty-one cases only. In one patient the abscess was subsequent 
to a sea bath with submersion; in six patients it followed a surgical inter- 
vention (two gastrectomies, one prostatectomy, one cholecystectomy, one 
drained appendicular abscess, and one colon resection for a carcinoma). We 
have never come across an abscess subsequent to dental avulsion or tonsillee- 
tomy. 

2. Topographic Data.—Table II shows the location of the suppurating foci 
we have treated. 


TABLE II. LocaTION oF TREATED FOCI 


RIGHT SIDE (40) 


LEFT SIDE (15) 


Upper lobe Apical s. 2 Upper .lobe Apicodorsal 1 

21 Anterior s. 5 4 Anterior 1 
Posterior s. 11 

Middle lobe 4 Lingula 1 

Lower lobe Apical s. 10 Lower lobe Apical s. 7 

12 Basal s. 2 10 Basal s. 2 


In fifty-one patients we have found fifty-five suppurative foci; a few pa- 
tients presenting several foci. Moreover, we have placed in the corresponding 
lobe without accurately diagnosing the diseased segments some cases of ex- 
tensive lobar suppuration. Under these restrictions, lung abscess appears in 
the great majority of cases as a segmental affection. 


Right Side Left Side 


Fig. 6.—Location of abscesses. We give here only the location of strictly segmental foci. 


If we examine the disposition of these segmental foci such as they appear 
in Fig. 6, we find that the affected segments are, in order of frequency: the 
posterior segment of the right upper lobe, the apical segment of the right 
lower lobe, the anterior segment of the right upper lobe (usually affected in 
its axillary branch), and the middle lobe. As Mattei pointed out, the lung 
abscess is therefore to be most frequently found on each side of the interlobar 
fissure. 


3. Results of the Treatment.—'able III sums up the therapeutic results. 
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TABLE III. RESULTS OF CATHETER TREATMENT 


I. Cured 
A. Clinically and anatomically completely healed 15 
B. Clinically healed (more than 2 years) 9 
Obvious anatomic sequelae 
(. Clinically healed (more than 2 years) 9 
4 


64% 
72.5% 


No bronchographie and tomographic checkup 
D. Recent clinical recoveries (more than 3 months, less 
than 2 years) 
II. Failure of medical treatment 


27.5% 


14 


We have listed under A patients who have clinically recovered, in whom 
good tomographies and bronchographies show a complete restitutio ad integrum. 
Case 5 is of this type. 


CASE 5.—F. O. R., a 51-year-old municipal clerk, was an alcoholic patient without any 
bronchial history. He presented a subacute pneumonitis at the beginning of April, 1949. He 
was hospitalized on June 1, 1941. X-ray films showed a voluminous opaque focus with a small 
light spot, in the apical segment of the left lower lobe. Four instillations of one million 
units of penicillin were given. Lipiodol bronchograph revealed a bronchial short circuit caused 
by the eavity between the apical and a subapical bronchus sprung from the posterobasal 
bronchus, quite close to its origin (Fig. 7). After four more instillations (Fig. 8) the patient 
was radiologically and clinically healed. Final bronchography on July 20, 1949, revealed a 
strictly normal apical segment. The patient was examined again on Jan. 27, 1951. He was 
in perfect clinical condition with a normal thoracic image. 


iroup B consists of nine patients whose clinical recovery has remained 
excellent at least for two years after the end of the treatment, but in whom 
tomographies and especially bronchographies reveal anatomic sequelae—bron- 
chiectasis or residual cavities at the site of the suppurative focus. Such se- 
quelae are very frequent if they are looked for under correct technical con- 
ditions but they do not necessarily imply an unfavorable prognosis. Thus we 
have had under observation for several years some patients with residual eavi- 
ties that have not become reinfected (we know how numerous are the 
eases of bronchiogenie eysts which are located in a favorable draining position 
in the upper lobe and so remain silent) and that have not caused any clinical 
disturbance in the patients. Easily tolerated and susceptible to a slow spon- 
taneous regression (Fig. 4) such residual cavities do not in themselves require 
resection. In the preceding section dealing with bronchography, we have 
described two eases of this type (Cases 2 and 3). 

We have grouped in a third category, C, nine patients who have been well 
for more than two years but for whom no tomographic and bronchographic ac- 
curate anatomic checkups have been made. These patients have all been ex- 
amined again in the course of 1951; they lead normal lives without any respira- 
tory clinical manifestations; their standard radiologic film is normal or nearly so. 

The last group D includes patients whose clinical recovery has been com- 
plete for at least three months but whose treatment took place less than two 
years ago. What lies in store for these patients who have been treated and 
who have ‘‘recovered’’ for a little time? For some who present important 
residual cavities the prognosis is guarded, for others who present relatively 
unimportant anatomie sequelae we may hope that they will stay clinically 
healed and will not relapse. Case 6 is an example. 
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CasE 6.—A. U. D., an unskilled laborer, 31 years oid, was without previous respiratory 
difficulty. On Nov. 7, 1950, he experienced hemoptysis followed by purulent expectoration. 
The patient was hospitalized on Nov. 17, 1950, and presented a large suppurative focus in 
the posterior segment of the right upper lobe. After a thirty-four-day treatment of one 
million units of systemic penicillin and sulfathiazole there was an afebrile, radiologic 
improvement, yet pus was still raised. The patient was examined by us at the beginning 
of January, 1951. Bronchography on Feb. 5, 1951, revealed two persisting cavities in the 


Fig. 7 (Case 5).—Abscess of the apical segment of the left lower lobe. Bronchography of the 
left lower lobe, bronchial short-circuit between the apical and a subapical bronchus. 


Fig. 8 (Case 5).—The Metras’s sound in place for instillation. 
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posterior segment (Fig. 9); icterus was observed. After three months’ rest, bronchography 
on May 7, 1951, indicated spontaneous regression of the residual cavities. The patient was 
discharged, subject to occasional examinations. Bronchography on Feb. 11, 1953, showed 
small persisting cavities but a satisfactory clinical condition. 


Fig. 9. Fig. 10. 


Fig. 9 (Case 6).—Abscess in the posterior segment of the right upper lobe. Clinical heal- 

ing. Diodone bronchography at the end of the treatment, two residual cavities. 
. Fig. 10.—Abscess of the posterior segment of the upper lobe. Initial Diodone bronchog- 
raphy. 


Here is a patient who improved under the instillations but who still pre- 
sented two important residual cavities at the end of the treatment. Should 
a segmental or a lobal resection be immediately performed? The evolution 
of these cavities showed that they had a marked tendency toward spontaneous 
regression. The patient is still submitted to periodical checkups, but we hope 
that clinical recovery will last without relapse. 

In Group II, we have listed the fourteen cases in which the medical treat- 
ment failed. It forms a rather heterogenous group composed of one patient 
who is still suffering from a chronic bronchorrhea that ean certainly be re- 
lated to the acute abscess; one patient who died of a brain abscess in spite of 
the radiologic clearing of the pulmonary lesions; one case in which the lung 
abscess was just one localization of the multiple suppurative foci of appen- 
dicular origin which proved eventually fatal; two cases of chronic suppuration 
in large residual cavities. The nine remaining patients were submitted to 
resection, either immediately after a previous cleaning up by means of in- 
stillations or following a relapse. Three cases were right pneumonectomies, 
two right upper lobectomies, two right lower lobectomies, and two left pneu- 


monectomies. 
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Our statistics therefore show 64 per cent definitely healed, 72.5 per cent if 
we include those listed under D which date back to less than two years. These 
figures may appear unimpressive, but three facts must be taken into considera- 
tion: 1. We have adopted strict criteria of recovery. What would be the re- 
sults of mere medical treatment or of pneumotomy judged by the same stand- 
ards? 2. A whole series of our patients came from a thoracic surgeon, on 
whom a group of doctors call for their worse cases. 3. Last, we have included 
eases of chronic suppurations (which had gone on for more than three months 
when the treatment by instillations was begun) ; in such cases the percentage 
of medical recoveries hardly reaches 50 per cent, which brings our general 
statistics down. 

If we compare our statistics with the findings published by diverse au- 
thors, we find that Mattei obtained 90 per cent recoveries in thirty-three cases 
of apparently primary acute abscesses. Very encouraging findings were also 
published by J. Berard,’ H. Benard,’ Abel and his associates,’ Bourgeois,’* R. 
Raynaud, R. Castaing,’® Duroux, P. Oudet,®! J. Terrasse,®°> M. Fourestier and 
Le Boucher,*’ R. Petitjean,* K. P. Bopp,’? Mannes,** J. A. Pilheu,®* M. Zac- 
and D. Vega.*? 

May these findings be considered as an improvement? Undoubtedly so, in 
our opinion. Indeed there have been lung abscesses which healed spontane- 
ously. It is not easy to establish in what percentage in view of the reduced 
field of many medical statistics and also in view of the fact that such spon- 
taneous ‘‘healings’’ were often published without having gone through the 
test of time. Archibald wrote that before disappearing one lung abscess was 
recorded in two or three statistics under the heading ‘‘healings.’’ This 
humorous statement is certainly not entirely devoid of truth. Mattei states 
in his book that out of 105 patients suffering from lung abscesses who were 
treated between 1935 and 1945 in his department by means of various methods, 
only 17, or 15 per cent, really recovered. It does not appear that the per- 
centage of genuine spontaneous healings could be higher than 30 or 40 per 
cent even in the best series of cases. 

The discovery of new antibiotics (Aureomycin, terramycin, bronchocillin) 
has undoubtedly increased the possibilities of general treatment, but it also 
has increased the possibilities of local treatment and does not impair the prin- 
ciple of the superiority of local treatment in the case of a suppurative focus. 

4, Indications for Surgery.—What we have just said of medical treatment 
and its failures defines the part we assign to surgery in the treatment of lung 
abscesses. 

When systemic and local antibiotic treatments have proved unable to dry 
up the suppuration entirely and when the clinical condition is satisfactory but 
a quite abnormal radiologic picture is still visible (as for instance, when bron- 
chography reveals dislocated bronchi, a considerable or poorly drained residual 
cavity) the patient should undergo an operation. 

At this stage one type of intervention is advisable—resection. All opera- 
tive drainage of these residual foci would prove illusory; we share J. Mathey’s 
opinion on this point. On the other hand, we do not think that a residual 
cavity, if it is of small volume and in a good drainage position, constitutes in 
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itself an indication for resection. We have seen that such cavities were often 
: quite well tolerated and susceptible to spontaneous regression in the course 
of 
hemoptysis and especially relapses in situ, we can then always resort to another 
cleaning up of the suppurative focus and then resection. An imperfect ana- 
tomie healing should always be given a chance to undergo the test of time. 


. Abel, Heuilly, F., Arnould, and Pillot: 
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the years following clinical recovery. If complications set in, such as 
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BRONCHOSPIROMETRY WITH THE CARLENS DOUBLE 
LUMEN CATHETER 


EVALUATION AND EXERCISE TEST 


K. Inapa, M.D.,* S. Kisurmoro, M.D.,** A. Sav6, M.D.,** AND 
T. WaTANABE, M.D.*** 
OKAYAMA, JAPAN 


INTRODUCTION 


LTHOUGH it is well recognized that bronchospirometry is a necessary 
and valuable method for the study of respiratory physiology and for the 
determination of operative indication and the extent of operative involvement 
in ordinary chest surgery, it is surprising that it is not popular. This is 
probably due to its technical difficulties and also the general fear that it may 
cause not a little suffering to the patient. Since Jacobaeus a number of re- 
ports on the bronchospirometriec method have been published. Many workers 
have tried to modify the technique in order to make the procedure less trying 
for the patient. 

We have performed bronchospirometry on about 200 tuberculous patients 
as a routine examination before thoracic operations during the two years from 
April, 1950, to April, 1952, at National Okayama Sanatorium. The broncho- 
scope, which we used in this series, was a flexible metal single lumen broncho- 
scope modified by Urabe and his associates.1 It was a Norris-type catheter, 
equipped with mouthpiece and nose clip instead of the face mask. 

As we gained added experience the following disadvantages of this 
catheter were noticed: 1. There were often difficulties in introducing the 
catheter into the left main bronchus because of the friction caused by the 
external rubber coat; this was especially true among women patients. 2. A 
tear often occurred in this rubber coat during introduction. 3. Aspiration of 
secretions was difficult. 4. In one patient, whose right lung function was 
moderately impaired, the value recorded as much less as was actually 
estimated. 5. The use of a mouthpiece and nose clip makes the patients feel 
suffocated and causes labored breathing. 

As a result, successful recordings were obtained only in about one quarter 
of the total number of persons examined. 

In 1949 Carlens* described a new type of a double lumen catheter and 
reported good results. In June, 1952, we received this catheter; at the present 
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time it has been used in almost 100 cases and has been found to fulfill all the 
requirements of such an instrument. Because we have actually recognized its 
superiority to ordinary old bronchospirometry and since very little literature 
has been available since Carlens’ original article, I think it is important to 
report our experiences with this catheter. 


TECHNICAL PROCEDURE 


The premedication and topical anesthesia are approximately the same as 
those employed for bronchoscopy. Half an hour before the procedure, a hypo- 
dermic injection of 60 to 100 mg. of morphine hydrochloride and 0.5 mg. of 
atropine sulfate is administered. Anesthesia of the throat and larynx is secured 
by the spraying of 5 per cent cocaine hydrochloride; the trachea and main 
bronchus are then anesthetized by fractional instillation of about 2 ml. of the 
same solution. We use a Gebauer-type twinspirometer with the tanks contain- 
ing pure oxygen. In most eases the catheter is very easily introduced under 
mirror guidance, even without the use of stylet and without tying the rubber 
hook as Carlens describes. We have not as yet encountered an instance in which 
introduction of the catheter was impossible. In this regard the catheter is much 
superior to an ordinary old bronchoseope. It is very easy to feel when the 
catheter is introduced into the correct position. Carlens states, “It is provided 
with a little hook that is automatically engaged by the carina.” It is really 
like that. When it is once introduced into the correct position and fixed by 
the inflation of two cuffs, it scarcely slips by a moderate movement of the 
body or changing of its position. Therefore examinations such as exercise 
test and those made in different positions are easily carried out. 

In most cases the test was smoothly performed for forty minutes without 
any discomfort to the patient. After examination the patient always stated 
that he had experienced less pain than by bronchoscopy; also the medical 
students, on whom the tests to be described were made, said they were able to 
breathe more easily than in ordinary external spirometry. 

There is no doubt that the catheter has the following features of superior- 
ity: 1. It requires no skilled technique and no complex equipment. 2. Intro- 
ducing the catheter is easy, and it can be easily placed in the correct position. 
3. The tests made during exercise and in different positions can easily be 
earried out. 4. It is much less trying for patients than the ordinary old 
bronchoseope. 5. Sputum ean be easily aspirated. 


COMPARISON OF CARLENS TUBE AND FLEXIBLE SINGLE LUMEN METAL BRONCHOSCOPE 


It is well known that in bronchospirometry there is an increase in 
respiratory frequency and minute ventilatory volume, and a consequent in- 
crease in oxygen consumption, with the corresponding decrease in vital 
capacity and maximum breathing capacity. This is brought about by the 
strain and apprehension of the patient at the examination, the effects of the 
local anesthetic, and the modification of the breathing mechanism which 
causes the patient to breathe through a stenosis. Urabe! reported an average 
increase of 35.6 per cent in minute volume and 29.7 per cent increase in 
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TABLE I. COMPARISON OF SUMMATION OF OXYGEN CONSUMPTION AND VITAL CAPACITY FROM 
BotH LUNGS BY FLEXIBLE SINGLE LUMEN METAL BRONCHOSCOPE AND BY ORDINARY 
SPIROMETRY IN 10 TUBERCULOUS PATIENTS 


OXYGEN CONSUMPTION (C.C.) | VITAL CAPACITY (C.C.) 
R+L 
LEFT SUM. i) ( Ie) RIGHT LEFT SUM. 
308 116.8 1040 3030 
220 150.0 1350 2300 
250 124.0 460 2 1770 
300 123.3 2000 5 2250 
276 163.0 900 1550 
350 140.0 2250 3620 
225 165.8 880 é 1390 
157 162.4 1440 1420 
¢ 350 124.2 1640 2900 
10 22 330 96.9 660 2000 
Average 133.6 
S—Vital capacity obtained by ordinary spirometry. 


oxygen consumption and an average decrease of 9.2 per cent in vital capacity 
and of 21.9 per cent in maximum breathing capacity in ten healthy male 
adults when a flexible single lumen metal bronchoscope was used. Suzuki® 
found an average increase of 32 per cent in oxygen consumption and an 
average decrease of 20.0 per cent in vital capacity in sixteen healthy adults 
using the double lumen metal brochoscope which he designed. In our series, 
increase in oxygen consumption and decrease in vital capacity were 33.6 per 
cent and 7.9 per cent on the average, respectively, in the ten tuberculous 
patients examined with the flexible single lumen metal bronchoscope (Table 
I). If we take the increase in oxygen consumption as an index of strain on the 
patient and the decrease in vital capacity as an index of stenosis breathing 
and compare the Carlens tube with the old bronchoscope in regard to these 
two points, it is self-evident that the former is more physiologic than the latter. 

As Table II shows, in the test on the healthy medical students the increase 
in oxygen consumption and the decrease in vital capacity average 9.3 per cent 
and 0.7 per cent, respectively. As Table III shows, in the test made on 


TABLE IIT. COMPARISON OF SUMMATION OF OXYGEN CONSUMPTION AND VITAL CAPACITY FROM 
BotuH LUNGS BY CARLENS TUBE AND BY ORDINARY SPIROMETRY IN 10 STUDENTS 


| OXYGEN CONSUMPTION (C.C.) VITAL CAPACITY (C.C.) 
R+L R+ 

RIGHT LEFT SUM. s RIGHT LEFT suUM. 

165 320 98 1910 1710 3650 

180 310 116 2010 1740 3800 

155 285 109 2170 2100 4250 

187 255 1610 1490 2940 

1t3 260 2040 1760 3480 

165 330 2 1590 1540 3780 

190 345 1530 1490 3050 

205 315 1950 1840 3960 

115 262 1830 2010 3760 

10 240 438 2160 2030 4080 

Average 174 j 312 9.: 1880 1779 3675 

R:L 51.1:48.9 R:L 51.4:48.6 


S—Vital capacity obtained by ordinary spirometry. 


R+L 
94.7 
96.5 
89.2 
99.1 
94.8 
98.5 
84.8 
107.6 
93.4 
104.0 
92.1 
L j 
— (%' 
99.1 
98.7 
00.4 
05.4 
09.0 
82.8 
99.0 
96.0 
02.1 
02.7 
99.3 
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TABLE III. COMPARISON OF SUMMATION OF OXYGEN CONSUMPTION AND VITAL CAPACITY FROM 
Boru Lunes By CARLENS TUBE AND BY ORDINARY SPIROMETRY IN 10 TUBERCULOUS PATIENTS 


| OXYGEN CONSUMPTION (C.C.) VITAL CAPACITY (C.C.) 
| R+L 
CASE RIGHT LEFT | SUM. s | %) RIGHT LEFT SUM. Ss (%) 

1 110 220 265 124.5 570 820 1420 97.8 
2 200 103 205 147.8 820 530 1440 90.0 
é 210 90 280 103.5 1070 460 2080 73.5 
4 35 160 140 139.2 140 1160 1370 94.8 
5 105 155 205 126.8 510 690 1290 93.0 
6 100 200 308 97.4 920 930 1920 96.3 
if 230 55 245 116.3 280 1540 2050 88.7 
8 185 90 265 103.7 1660 650 2190 105.4 
9 120 215 318 105.3 680 960 1430 114.6 
10 60 180 255 94.1 310 1030 1350 99.2 
Average 113.7 94.8 


S—Vital capacity obtained by ordinary spirometry. 


tuberculous patients these figures are 13.7 per cent and 5.2 per cent, re- 
spectively. This demonstrates that the test with Carlens tube can be carried 
out on the diseased as well as on the healthy person. From this fact the 
superiority of the Carlens tube is well understood. The difference in the in- 
crease of oxygen consumption during bronchospirometry is marked, revealing 
that this procedure is much less trying for the patient than any older method. 


BRONCHOSPIROMETRY DURING EXERCISE 


Although bronchospirometry is a more advanced method than the usual 
spirometry as a test of lung function, it shows only a static value as in the case 
of the latter. It is not only useful for the study of important physiologic 
questions, but it is also necessary in practical medicine to be informed of the 
dynamic function of each lung and the adaptability of each lung to physical 
strain. 

Following Carlens’ example‘ we have constructed a eyelergometer, on which 
the subject is able to pedal in the supine position. The test is made in the 
following manner: During the first five minutes an ordinary bronchospirometry 
is carried out in the supine position. Then the patient continuously pedals the 
ergometer at the speed of sixty rotations a minute for three minutes in connec- 
tion with the spirometer; at the same time a tracing is recorded. Exercise tests 
have been made in this manner on fifteen tuberculous patients. Principally, the 
oxygen intake was caleulated from the tracing at rest and during exercise and 
the figures for the oxygen intake for each lung during exercise were presented in 
percentage of the corresponding figures at rest. 

As Table IV shows, the increase of oxygen intake during exercise test in 
the worse lung varies between 240 per cent and 493 per cent, averaging 350.9 
per cent; in the better lung the result was 197 per cent, 455 per cent and 351.6 
per cent, respectively, in comparison with the basal values. This means that the 
average increase rate of oxygen consumption during exercise is equal in both 
the worse and the better lung. It was expected that the lung, which was 
inferior to the other because of tuberculous involvement and because of its 
affected function as demonstrated by bronchospirometry at rest, would show 
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TABLE IV. COMPARISON OF DIFFERENTIAL OXYGEN CONSUMPTION FOR EACH LUNG AT 
REST AND DURING EXERCISE (C.C.) 


AT REST DURING EXERCISE 

RIGHT (%) | LEFT (%) | 
(280) 613 (292) 
(240) 840 (326) 
(443) 850 (247) 
(238) 200 (244) 
(304) 630 (364) 
(292) 572 (301) 
(327) 675 (321) 
(217) 330 (197) 
(350) 360 (372) 
(408 ) 500 (384) 
(307) 280 (285) 
(280) 540 (300) 
(493) 820 (455) 

: (380) 380 (370) 

233 ee (373) 470 (438) 

Average 155 512 (330) 537 (316) 
The numbers in parentheses indicate the rate of increase of oxygen consumption in per- 

centage. 


relatively smaller increases in the oxygen consumption during exercise than the 
healthier lung, but that was not the case. We were surprised to find that the 
part played by each lung did not change beyond the limits of the error of the 
method during work as compared with the rest values. (Case 2 in Table IV is 
a good example. ) 

Therefore as Carlens pointed out the theory that the function of the 
inferior lung approaches its maximum limit of capacity with regard to oxygen 
intake closer, even during rest, than the healthy lung cannot be correct. But 
the ventilatory equivalent of the superior lung shows a tendency to slightly 
more favorable values during exercise as compared with that of the inferior 
lung (Table V). The inhalation of pure oxygen being, of course, not physio- 
logic, more detailed research is necessary. Two cases are illustrated (Figs. 
1 and 2). 


TABLE V. COMPARSION OF VENTILATION EQUIVALENT FOR EAcH LUNG 
AT REST AND DURING EXERCISE 


AT REST | DURING EXERCISE 
| LEFT 


www 


NN 


CASE 
3 
4 
5 
6 

7 

9 ae 

10 
11 
12 
13 

14 
15 


THE JOURNAL OF THORACIC SURGERY 


iad 


B. 


Fig. 1 (Case 3).—A, Roentgenogram of the chest. Right-sided postthoracoplasty tuber- 
culosis with moderately thickened pleura. | B, Bronchospirometric tracing. R, right lung; L, 
left lung. 14, bronchospirometry at rest; 2, during exercise. 


= 
— 
4 
43 
= 


INADA ET AL.: BRONCHOSPIROMETRY WITH CARLENS CATHETER 


Reece Ree | 
4054173 


B. 


Fig. 2 (Case 5).—A, Roentgenogram of the chest. Right-sided apical tuberculosis with 
cavity and thickened pleura. 8B, Bronchospirometric tracing. R, right lung; L, left lung. 
1, bronchospirometry at rest; 2, during exercise. , 
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SUMMARY AND CONCLUSION 

1. Experiences with the Carlens double lumen catheter have been described 
and its superiority emphasized. 

2. Using this catheter it was found that the increase in oxygen con- 
sumption during bronchospirometry in ten healthy medical students was on 
the average 9.3 per cent and the decrease in vital capacity was 0.7 per cent. 

3. These figures were 11.3 per cent and 5.2 per cent, respectively, in ten 
patients with pulmonary tuberculosis. 

4. It was noted that these same figures were 33.6 per cent and 7.2 per 
cent, respectively, on bronchospirometry with a modified Norris-type flexible 
single lumen metal bronchoscope. 

5. A new lung function test (bronchospirometry during exercise) and re- 
sults obtained with fifteen tuberculous patients were described. We agree 
with Carlens in the following conclusions: (a) The theory that the function 
of the diseased lung with regard to oxygen intake approaches, even at rest, 
more closely the maximum limit of its capacity is not correct. (b) It was 
found that the part played by each lung did not change beyond the limits of 
the error of the method during work as compared with the rest values. 


BRONCHOSPIROMETRY IN DIFFERENT POSITIONS 


Studies of the change of lung function in different positions are found 
in the literature, but they have been made for the most part by a spiro- 
metric method. Regarding bronchospirometrie study, few articles are avail- 
able in the literature at present. This is mainly due to technical difficulties. 
Carlens tube has settled these difficulties. 

It is important both for physiologic study and for practical medicine to 
be informed of the effect of postural changes on the lung function. We have 
studied this problem on ten healthy medical students by bronchospirometry 
with the Carlens tube in supine, sitting, and both lateral positions. 


TECHNICAL PROCEDURE 


Premedication and topical anesthesia was similar to that previously 
described. The test was done in the following manner: First an ordinary 


TABLE VI. DIFFERENTIAL TIDAL AIR (C.C./MIN.) AND PER CENT OF TOTAL 


SUPINE RIGHT LATERAL LEFT LATERAL SITTING 
VOLUME % VOLUME | % VOLUME % VOLUME % 
1 250 240 51 49 260 210 55 45 200 220 48 52 240 230 561 49 
2 380 240 61 39 440 260 63 37 190 360 35 65 

3 360 290 55 45 330 220 60 40 240 260 48 52 400 410 49 651 
+4 210 200 51 49 200 180 54 46 180 190 48 52 230 220 51 49 
5 
6 
7 
8 
9 
10 


310 260 54 46 300 280 52 48 280 310 47 53 310 310 50 50 
540 530 51 49 530 530 50 50 580 570 51 49 
300 290 51 49 340 280 55 45 310 320 49 51 410 350 54 46 
420 410 51 49 400 370 52 48 330 400 45 55 550 510 52 48 
640 620 51 49 680 630 52 48 680 710 48 52 700 620 53 47 
580 570 51 49 610 530 54 46 520 570 47 53 


Average 399 365 52 48 409 349 54 46 351 391 47 53 408 380 52 48 
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bronchospirometry was performed in the supine position for ten minutes, then 
subsequently in the right lateral and in the left lateral positions for five 
minutes, respectively, and last the tracing was recorded in the sitting position 
for ten minhtes. The following values can be calculated for each lung from 
each tracing: tidal air, reserve air, vital capacity, minute ventilation volume, 
minute oxygen intake, and ventilation equivalent. 


RESULTS OBTAINED 


1. Tidal Air (Table VI).—As Table VI shows, in all but one person the 
tidal air of the right lung was greater than that of the left lung in the supine 
position. It was true in the right lateral position in all instances. But in the 
left lateral position, except in one student, tidal air of the left lung was 
greater than that of the right lung and it increased in five cases and decreased 
in five cases, with an average increase of 26 ¢.c. as compared with that found 
in the supine position. It is noted, that in the lateral position the tidal air of 
the under lung was greater than that of the upper lung and showed a slight 
increase in absolute amount. The tidal air of the right lung increased in five 
cases and decreased in five cases, with an average increase of 10 c¢.c. in the 
right lateral position as compared with the supine. No definite change was 
found in the sitting position. These differences are not statistically significant 
(P > 0.01). 


TABLE VII. DIFFERENTIAL RESERVE AIR (C.C.) AND PER CENT OF TOTAL 


SUPINE RIGHT LATERAL LEFT LATERAL SITTING 
VOLUME | VOLUME VOLUME | % VOLUME | % 
R | L R | L | Ef 
450 2 330 490 - 650 430 6 520 480 
460 4: 410 470 920 350 2 
660 é 490 720 870 550 9 970 820 
440 430 720 820 390 2 700 580 
520 500 690 780 380 740 720 
510 400 340 500 420 
480 9 440 570 670 540 590 560 
510 460 1000 950 400 970 950 
800 660 810 910 450 970 820 
790 750 9 560 790 760 460 
Average 562 528 468 660 9 783 437 6 780 704 


2. Reserve Air (Table VIT).—Reserve air of the right lung was greater 
than that of the left lung in eight persons while in a supine position. In the 
right lateral position reserve air of the right lung moderately decreased in all 
instances, while on the other hand reserve air of the left lung moderately in- 
creased. It is reversed in the left lateral position. That is, in the lateral 
position reserve air of the under lung moderately decreased and that of the 
upper lung correspondingly increased as compared with the supine. This 
difference is statistically significant (P < 0.01). A moderate increase of 
reserve air was noted in both lungs when the student was in the sitting 
position. 
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TABLE VIII. VITAL CAPACITY (C.C.) 


RIGHT LATERAL LEFT LATERAL SITTING 
CASE SUPINE (%) (%) (%) 
T 3080 2220 ( 72.0) 3000 ( 974) 3120 (100.1) 
2 3750 3350 ( 89.3) 3440 ( 91.6) 
3 4270 4400 (103.0) 3970 ( 92.8) 4420 (103.2) 
4 3650 3610 ( 99.0) 3580 ( 98.1) 3640 ( 99.5) 
5 3800 3790 ( 99.5) 3780 ( 99.6) 3930 (103.5) 
6 3130 2620 ( 83.6) 2930 ( 93.5) : 
7 3020 3150 (105.0) 3170 (105.0) 3520 (116.5) 
8 3790 3920 (103.3) 3790 (100.0) 4190 (110.0) 
9 3740 2930 ( 78.5) 3590 ( 96.6) 3740 (100.0) 
10 4190 3740 ( 89.2) 3630 ( 88.8) 
Average 3642 3370 ( 93.0) 38488 ( 96.0) 3794 (105.0) 


. The numbers in parentheses indicate the percentage as compared with the supine 
gures, 
3. Vital Capacity (Tables VIII and 1X ).—In the right lateral position the 
total vital capacity of both lungs increased in three cases and decreased in seven 
cases, with an average decrease of 269 ¢.c., or 7.4 per cent. In the left lateral 
position an inerease in one instance, a decrease in 8, and no change in another 
were noted, with an average decrease of 154 ¢.c., or 4.3 per cent. That is, in 
the lateral position the total vital capacity slightly decreased as compared 
with the supine. But this difference was not statistically significant (P > 0.01). 
In the sitting position it increased in five cases and on the average an increase 
of 173 ©.., or 5 per cent, was observed. 

Differential Vital Capacity—tIn the supine position, vital capacity of the 
right lung was greater than in the left lung in all cases and the ratio between 
both lungs was 52:48. In the right lateral position vital capacity of the right 
lung was greater than that of the left lung in six cases, but smaller in four 
eases, and the ratio changed to 51:49. In the left lateral position in eight 
cases vital capacity of the right lung was greater than that of the left lung 
and the ratio changed to 51:49. A slight increase was seen in the sitting 
position. But this difference was not statistically significant (P > 0.01). In 
various positions except the left lateral position vital capacity of the right 
lung is greater than that of the left lung, but the total vital capacity shows 


inconstant change. 


TABLE IX, DIFFERENTIAL VITAL CAPACITY (C.C.) AND PER CENT OF TOTAL 


| SUPINE RIGHT LATERAL LEFT LATERAL SITTING 
VOLUME % VOLUME % VOLUME % VOLUME | % 


CASE 

1 1600 1480 52 48 10801140 48 52 15801420 53 47 16201500 52 48 
2 2010 1740 54 46 1930 1420 58 42 19001540 55 45 

3 2170 2100 51 49 2170 2230 49 51 20501920 52 48 2300 2120 52 48 

aa 1930 1720 53 47 18301780 51 49 18801700 52 48 19001740 52 48 

5 2040 1760 54 46 19601830 52 48 21001680 56 44 19801950 50 50 
6 1590 1540 51 49 14301190 55 45 15001430 51 49 

if 1530 1490 51 49 16201530 52 48 14801690 47 528 18201700 52 48 

8 1950 1840 52 48 20001920 51 49 19501840 52 48 22201970 52 48 

9 1980 1760 53 47 15201410 52 48 18501740 52 48 20201720 54 46 
10 2160 2030 52 48 1820 1920 49 51 1560 2070 43 57 


Average 1896 1746 52 48 1736 1637 51 49 17851703 51 49 19801814 52 48 
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TABLE X. DIFFERENTIAL MINUTE VOLUME IN LITERS AND PER CENT OF TOTAL 


SUPINE RIGHT LATERAL LEFT LATERAL SITTING 
VOLUME % VOLUME VOLUME % VOLUME 
CASE 
1 48 46 52 48 53 43 55 45 49 47 51 49 53 5.1 51 49 
2 46 29 61 39 44 26 63 37 27 5.0 35 65 
3 47 3.7 56 44 46 3.0 61 39 3.1 34 48 52 48 49 49 51 
4 43 41 51 49 44 40 52 48 38 40 49 51 46 44 51 49 
D 43 3.6 58 42 42 39 52 48 39 43 48 52 43 43 50 50 
6 7.5 74 50 50 74 74 50 50 75 7.4 50 50 
7 42 40 51 49 49 40 55 45 47 48 49 51 58 48 55 45 
8 63 61 51 49 68 63 52 48 53 64 45 55 82 7.6 52 48 
g 115 11.1 51 49 12.9 12.1 52 48 11. 120 49 51 12.6 11.2 53 47 
10 10.4 10.3 50 50 11.9 10.3 54 46 9.6 12.2 46 54 
Average 6.3 5.8 52 48 67 58 54 46 5.7 64 47 53 65 60 52 48 


TABLE XI. ToTAL OXYGEN CONSUMPTION (C.C./MIN. ) 


RIGHT LATERAL LEFT LATERAL SITTING 
CASE SUPINE (%) (%) (%) 
1 228 233 (102) 218 ( 95) 302 (134) 
2 360 357 ( 99) 358 ( 99) 
3 310 334 (108) 370 (119) 400 (129) 
4 340 290 ( 85) 300 ( 88) 325 ( 99) 
5 269 275 (104) 268 (100) 288 (107) 
6 345 325 ( 94) 350 (101) 
7 375 382 (102) 325 ( 87) 382 (102) 
8 390 387 ( 99) 360 ( 92) 380 ( 97) 
9 440 473 (107) 410 ( 93) 440 (100) 
10 473 459 ( 95) 430 ( 91) 
Average ooo 352 (100) 338 ( 96) 360 (107) 


The numbers in parentheses indicate the percentage of intake compared with the supine 
position intake. 


TABLE XII. DIFFERENTIAL OXYGEN ABSORPTION IN CUB!C CENTIMETERS AND 
PER CENT OF TOTAL 


SUPINE RIGHT LATERAL LEPT LATERAL SITTING 
VOLUME | % VOLUME | % VOLUME % VOLUME | % 


1 120 108 53 47 133 100 57 43 108 110 50 50 160 142 53 47 

180 180 50 50 247 110 69 31 165 193 46 54 

155 155 50 50 187 147 56 44 170 200 46 54 220 180 55 45 

170 170 50 50 160 130 55 45 125 175 42 58 180 145 55) 45 

113 156 42 58 150 125 55 45 98 170 37 63 125 163 43 57 

175 170 51 49 245 80 75 25 160 190 46 54 

190 185 51 49 203 180 53 47 155 1909 45 55 195 187 51 49 

205 185 53 47 220 167 57 43 185 175 51 49 205 175 54 46 
{ 230 210 52 48 313 160 66 34 140 270 34 66 240 200 55 45 

10 240 233 51 49 273 186 60 40 150 280 35 65 


Average 178 175 50 50 213 139 61 39 146 195 43 57 189 170 52 48 


4. Minute Ventilation (Table X).—As Table X shows, a similar tendency 
is noted as in tidal air. 

5. Minute Oxygen Intake (Tables XI and XIT).—The total oxygen intake 
of both lungs increased in five students and decreased in five in the right 
lateral position. But these changes were slight, and there was no change 
‘ound on the average. In the left lateral position, intake decreased in eight 
vases and increased in two eases, with an average decrease of 14 ¢.c., or 4 per 
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cent. In the sitting position the average increase of 172 ¢.c., or 5 per cent, 
was noted. 

Differential Oxygen Consumption.—Minute oxygen intake of the right 
lung was greater than that of the left lung in six students, equal in three, and 
smaller in one in the supine position. In the right lateral position minute 
oxygen intake of the right lung (the under lung) was greater than that 
observed in the supine in all cases but one (Case 4). On the other hand in 
Case 4, oxygen intake of the left lung showed a further decrease than while 
in the supine position. It was noted that in the left lateral position oxygen 
intake of the left lung was greater than the intake of the right lung in all but 
Case 8. In Case 8 the oxygen intake of the right lung showed a corresponding 
decrease as compared with the intake in the supine position. It was noted, 
therefore, that the under lung in the lateral position showed a definite increase 
in the amount and percentage of the total oxygen consumed as compared with 
the supine position, and it was reversed in the upper lung. This difference 
was statistically significant (P < 0.01). The right lung in the right lateral 
position showed a slight but definite increase over the left lateral position. 

6. Ventilation Equivalent (Table XIII).—The ventilation equivalent of the 
under lung in the lateral position decreased, and on the other hand it in- 
creased in the upper lung over the supine valve. In the right lateral position 
the right lung showed an average decrease of ventilation equivalent from 3.5 
to 3.2; the left lung showed an average increase from 3.2 to 4.7 as compared 
with the supine position. In the left lateral position the right lung demon- 
strated a slight increase, and the left lung showed no change. This was due 
to inereased oxygen absorption with relatively less increase in the total air 
breathed by the under lung. Changes in the ventilation equivalent were con- 
sidered merely reflections of the change in oxygen absorption and minute 
ventilation as Rothstein’ stated. 


\ 


TABLE XIII. VENTILATION EQUIVALENT 


| SUPINE | RIGHT LATERAL LEFT LATERAL | SITTING 
CASE | RIGHT | LEFT | RIGHT | LEFT| RIGHT | LEFT | RIGHT | LEFT 
: 1 3.9 4.1 4.0 4.3 4.5 4.3 3.3 3.6 
ae 2 2.5 1.6 1.8 2.3 1.6 2.6 
- 3 3.0 2.3 2.4 2.0 1.8 ed 2.1 2.7 
2 4 2.7 2.6 2.7 3.1 3.0 2.3 2.5 3.0 
5 3.8 2.3 2.8 3.1 4.0 2.5 3.4 2.6 
6 4,2 4.3 3.0 9.2 4.7 3.9 
7 2.2 2.1 2.4 2.2 3.0 2.5 2.9 2.6 
8 3.0 3.3 3.1 3.7 2.8 3.6 4.0 4.3 
9 5.0 5.3 4.1 7.5 8.2 4.4 5.2 5.6 
10 4.3 4.4 4.3 5.5 3.4 4.3 
Average 3.5 3.2 3.1 4.3 3.7 3.2 3.3 3.5 


DISCUSSION 


Among results described two outstanding changes regarding reserve air and 
minute oxygen intake will be noted. It is well known that the factors that 
affect the function of lungs are three: conditions of the pleural cavity, the 
diaphragm, and parenchymal lesions. 
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Lowys® reported that in the lateral position the diaphragm increases its 
movement, and Fischer’ stated that in the lateral position the diaphragm of 
the under side elevates, that of the upper side descends, and the heart and 
mediastinum shift to the under side. 

Akutsu® revealed radiologically that in normal persons in the lateral 
position the diaphragm of the under lung elevates and also increases its move- 
ment; the movement of the upper thoracic cage decreases at the same time. 
He further stated that movement of the diaphragm of the under side is 
moderately greater than that of the upper side. Rothstein® studied broncho- 
spirometry in the recumbent position and found that in the lateral position 
oxygen intake of the under lung increases; he attributed this increase to an 
increase of blood flow through the under lung caused by gravitation. In our 
series the under lung in the lateral position showed a slight increase of tidal 
air and of minute ventilation, a slight decrease of vital capacity, and a 
definite decrease of reserve air. This change can probably be attributed to 
the effect of the movement of the diaphragm. It is apparent that tidal air 
and minute ventilation increase in the under lung in the lateral position. In 
addition to this, if the blood flow through the under lung is greater, it is 
natural that the oxygen intake of the under lung increases. However, it is 
not known, which is more effective ventilatory or cardiovascular changes; 
further research is necessary. There is no doubt that the sitting position is 
less resistant to respiration than other positions. 


SUMMARY AND CONCLUSION 


1. Bronchospirometry in the supine and both lateral positions has been 
performed on ten normal persons. Seven of them also had determinations 
made while sitting. 


2. A slight increase in the absolute amount and a definite increase in the 
percentage of tidal air was noted in the under lung in the lateral position. 

3. A definite decrease both in the absolute amount and in the percentage 
of reserve air was noted in the under lung in the lateral position. 

4, Total vital capacity decreased by an average of 7 per cent while lying 
on the right side and 4 per cent while lying on the left. Differential vital 
capacity of both under and upper lungs showed a slight decrease as compared 
with that found while supine. 

5. A slight but definite increase both in the absolute amount and per- 
centage of minute ventilation was noted in the under lung in the lateral 
position. 

6. The total oxygen consumption showed no change in the right lateral 
position and an average decrease of 4 per cent in the left lateral position as 
compared with while supine. But a definite increase both in the absolute 
‘mount and in the percentage of oxygen consumption was noted in the under 
‘ing in the lateral position. 

7. The ventilation equivalent decreased in the under lung, indicating in- 
creased efficiency. 
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8. A definite increase of oxygen consumption in the under lung in the 
lateral position is attributable to the increase in minute ventilation and in 
blood flow through the same lung. 

9. In the sitting position tidal air, reserve air, vital capacity, minute 
ventilation, and total oxygen consumption all increased on the average by 
3.1, 36, 5, 3.3 and 7 per cent, respectively. The sitting position was considered 
less resistant for respiration than other positions. 


I wish to express my hearty thanks to Professor 8S. Tsuda for his guidance. 
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A NEW CATHETER FOR BRONCHOSPIROMETRY WHICH COMBINES 
THE ADVANTAGES OF THE DOUBLE LUMEN AND 
SINGLE LUMEN CATHETERS 


Pietro Croce, M.D. 
MILANo, ITALY 


LL the double lumen catheters used for bronchospirometry have the dis- 
A advantage of being too obstructive, although this is true in a lesser degree 
for the Carlens tube.t This causes unsatisfactory procedures in many eases. 
Attempts have been made to substitute single lumen catheters for the double 
lumen catheters? > in order that less space may be occupied by the solid struc- 
tures of the instrument. <A strong objection to the single lumen catheter is the 
variable degree of free space left to the air flow of the right side by the vocal 
cords; in some instances all passage may be obstructed completely, or almost 
completely. 

I have designed a new catheter for bronchospirometry, which combines the 
advantages of the double lumen with the single lumen catheter. It consists of 
a tube 43 em. in length, destined for the left main bronchus. It bears, at the 
distal end, an inflatable rubber cuff. Its diameter, in the male type, is 9.2 mm., 
which gives a sectional area of 67 mm.? The rubber is radiopaque, and only 
(.8 mm. thick, which allows a very little loss of space, due to the dead structures 
of the instrument. At a distance of 12 em. from the tip, this tube bears a see- 
ond tube, of a semilunar section, only 6 em. in length, and of a cross-sectional 
area of nearly 24 mm.2 These measurements have been calculated according 
to the Fanning equation for the turbulent flows in order to grant the same resist- 
ance to the air flow for both lumina: 


= friction coefficient 
1, == length of the tube 
\? = square of the velocity of the air flow 

= acceleration of gravity 

1) == diameter of the tube. 

The reduction in diameter of the smaller tube (designed for conducting the 
air of the right lung) is fully compensated for by the reduction in length. The 
smaller tube is connected to the larger one, at a point where, when the latter is 
correctly placed in the left main bronchus, the former is exactly between the 
voeal cords. Consequently, the small tube, or laryngeal tube, permits an air 
passage for the right side even in the case of a laryngeal spasm, and it con- 
stantly allows the same resistance as the contralateral tube. The small size 
of the laryngeal tube permits the very large diameter of the longer one. 


From Ospedale Sanatoriale “LL. Sacco,’”’ Vialba, Milano, Italy. 
Received for publication April 17, 1953. 
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Fig. 1.—The instrument. 


Fig. 3. 


Fig. 2.—The action of the slope in position in the trachea. 
Fig. 3.—The catheter in the correct position in the trachea, 
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Considering the diameter in its functional significance, rather than in its 
geometric one, it is like having a double lumen catheter made of two equal-sized 
tubes of 67 mm.? each, that is 134 mm.? totally. 

This sectional area is much larger than that of all the other existing tubes for 
bronehospirometry. In fact, in the Zavod® and in the Gebauer* tubes, the sum 
of the sectional areas is about 45 to 50 mm.*; in the Carlens' tube, about 80 
mm.” in the male size; in the Norris’ about 45 mm.? for the left, variable for 
the right; in my? single lumen catheter, about 60 mm.’ variable for the right. 

Moreover, during the intubation with this new catheter, some small spaces 
remain between the tube and the anatomic formations of the glottis, which pro- 
vide further space for the air flow of the right side. These spaces are lost with 
the use of all double lumen catheters. They are all that is conceded to the right 
side, with the single lumen catheters. In this new catheter, they represent a use- 
ful complementary space to be added to the passage already granted by the 
laryngeal tube. 

The air coming from the right lung in the natural way finds, at the level 
of the larynx, the laryngeal tube, by which it is conducted through the narrow 
passage of the glottis. At the level of the pharynx, it is again free and, added 
to the air coming through the small spaces left around the tube, is co'leeted by 
a properly constructed mouthpiece at the level of the vestibulum oralis. 

A further device has been used to direct the catheter almost. automatically 
to the left bronchus. The tip of the catheter is cut at an angle of about 30 de- 


grees. The resulting slope slides on the tracheal carina and directs the tube 
toward the wanted side. 

Though the tube is made of a radiopaque rubber, at the tip of it there is 
a metal ring which makes the radiopacity perfect and, because of its peculiar 
form, shows the correct position of the slope (Figs. 2 and 3). 


SUMMARY 


A new catheter for bronchospirometry is described. The instrument com- 
bines the advantages of the double lumen and the single lumen eatheters. 
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AN UNUSUAL CASE OF BILATERAL DIAPHRAGMATIC HERNIA IN 
AN INFANT 


F. Hausmann, M.D., Ropert K. Sauter, M.D. 
MILWAUKEE, WIs. 


LTHOUGH the literature contains numerous case reports dealing with 
surgical repair of single diaphragmatic defects,’*> it was thought worth 
while to report a case of bilateral diaphragmatic herniae in an infant recently 
observed at Milwaukee Childrens Hospital, for the following reasons: 

1. The child had a short esophagus type of esophageal hiatus hernia, the 
defect occurring in the right hemidiaphragm. 

2. A second defect was accidently produced in the dome of the left dia- 
phragm during attempted surgical repair of the hiatus hernia elsewhere. It was 
this traumatic hernia which was responsible for the major complaints when 
the infant was seen here. 

3. Suecessful surgical repair of both diaphragmatic defects was eventually 
accomplished in two stages on a debilitated infant. The first stage was manda- 
tory as a lifesaving procedure. 
CASE REPORT 


D. K. was first admitted to Milwaukee Childrens Hospital on Dee. 29, 1949, 
at the age of 4 months. The chief complaint was vomiting of several weeks’ 
duration. The vomiting was associated with abdominal cramps and borborygmi 
which were relieved by holding the baby in an upright position, and aggravated 
by horizontal positioning. Belching and flatulence were noted frequently. 

The past history revealed that the female infant had been born at another 
hospital on Aug. 20, 1949. The birth weight was 7 pounds, 12 ounces. Because 
the child regurgitated feedings frequently, ae studies were done, and a 
short esophagus type of esophageal hiatus hernia was discovered. An attempt 
was made at surgical repair of the hernia at the age of 18 days, through a left 
transthoracic incision. Technical difficulties had made exposure of the esoph- 
agus almost impossible, and because of the precarious condition! of the infant, 
the thorax was hastily closed without actual repair of the esophageal hiatus 
(which of course could not be visualized from the left side), and without 
lengthening of the esophagus. The baby was discharged from that institution 
in September, 1949, but returned in November, 1949, because of ‘‘cramps,’’ 
vomiting, and failure to gain weight. There were subsequent bouts of diarrhea. 
Discharge after the second period of hospitalization was on Dee. 24, 1949, five 
days prior to admission to Milwaukee Childrens Hospital on Dee. 29, 1949. 

Examination on entrance to this hospital revealed a ‘‘serawny,’’ wizened, 
dehydrated infant weighing 8 pounds, 9 ounces. (This represented a gain of 
only thirteen ounces in four months.) Skin turgor was poor and the eyes were 
sunken. There was no respiratory distress or cyanosis. A healed thoracotom; 
sear was seen on the left side over the course of the fifth rib. Dullness to per- 
cussion and diminution of breath sounds were noted over the lower left chest. 
The heart rate was regular with no audible murmurs. 


From the Department of Surgery, Milwaukee Childrens Hospital and Marquette Uni- 
versity School of Medicine. 
Received for publication Feb. 24, 1953. 
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Initial laboratory data revealed a trace of albumin with occasional clumps 
of white blood cells in the urine. Leukocytes numbered 12,400 per cubie milli- 
meter, and the hemoglobin value was 12.5 Gm. per 100 e.c. of blood. A chest 
x-ray film taken on admission (Fig. 1) showed an esophageal hiatus diaphrag- 
matie hernia on the right with approximately two-thirds of the stomach above 
the right diaphragm lying in the cardiophrenic angle. There was bowel in the 
left hemithorax, and pneumonitis in the lung surrounding it. A portion of 
the left fifth rib had been resected. 


Fig. 1.—Initial chest film showing herniated stomach in the right thorax and colon in the 
left thorax. 


A barium enema substantiated the fact that a portion of the transverse 
colon lay above the left diaphragm (Fig. 2). Barium studies of the upper 
gastrointestinal tract revealed that the esophagus was situated in the right 
hemithorax and that the stomach herniated through an enlarged esophageal 
hiatus located in the right diaphragm (Fig. 3). 

The defects in the two sides of the diaphragm were interpreted as being 
entirely independent of each other. 

Because of the extreme rarity of bilateral diaphragmatic defects in infants, 
‘he original films were obtained for comparison. It was seen that at birth the 
eft diaphragm had been intact, but that there was a defect of the right dia- 
/hragm which had remained relatively unchanged (Fig. 4). 

Surgical exploration on the left was decided upon because it was felt that 


‘he eramping, flatulence, diarrhea, and failure to gain weight were referable 
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to inearceration of the colon, and that correction of this condition should be 
accomplished first. 

First Operation.—Supportive therapy including penicillin for the pneu- 
monitis, and whole blood for the anemia and hypoproteinemia was given to re- 
habilitate the infant. On Jan. 17, 1950, left thoracotomy was done. A long seg- 
ment of rib nine was resected subperiosteally for exposure. The roentgen in- 
terpretation was corroborated by the discovery that the major portion of the 
transverse colon had herniated through a small opening in the dome of the 
left diaphragm. Many adhesions to pleura, lung, and diaphragm were freed 


Fig. 3. 


Fig. 2.—Barium enema showing colon in the left thorax. 
Fig. 3.—Stomach filled with barium, demonstrating herniation of two-thirds of the organ 
into the right chest. 


before the colon could be returned to the abdomen. The bowel and its mesentery 
were edematous and purplish in color, but became normally pink upon being 
freed. There was no hernial sac. The defect, approximately 2 em. in diame- 
ter, was sutured and imbricated with No. A cotton mattress sutures. There was 
no esophageal hiatus in the left diaphragm, and neither stomach nor esophagus 
could be visualized from the left approach. The thorax was closed in layers 
without drainage after re-expansion of the lung. The infant’s immediate post- 
operative condition was only fair with moderate transitory cyanosis for which 
oxygen therapy was given. The child’s temperature rose to 105.2° F. on the 
evening of the first postoperative day but progress thereafter was satisfactory. 
Small feedings were given and retained on the second postoperative day. 


Fig. 2. 
: 
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This hernia was interpreted as traumatic in origin because it was not pres- 
ent on the original films and because of its location in the fibrous dome. This 
area is not a fusion point, and, as has been pointed out by Harrington,® hernia- 
tion at this point must be regarded as traumatic in origin. 


A. B. 


Fig. 4.—A, Original stomach films taken elsewhere showing herniation ¥ the stomach into the 
right chest but no evidence of herniation of the colon into the left. , Same lateral view. 


Fluoroscopy of the stomach and colon performed on Jan. 28, 1950, the 
tenth postoperative day, showed no change in position of the esophagus and 
stomach. The colon and small intestine were now seen to be in the abdomen 
below the diaphragm. The left thorax was clear (Fig. 5). The patient was 
discharged from the hospital on the fourteenth postoperative day, taking feed- 
ings well and gaining weight. There was no respiratory difficulty. Regurgita- 
tion of portions of feedings occurred if the child was placed in the prone posi- 
tion immediately after feeding. Bowel function was restored to normal follow- 
ing this stage with disappearance of diarrhea, hyperperistalsis, and anorexia 
and establishment of one to three normal bowel movements daily. It was 
deemed advisable to postpone consideration of further surgery until the child 
had gained weight and strength. 

The final admission date was Nov. 15, 1950, when the child was 14 months 
old. The interval history indicated that the child had done well since the last 
operation. Multiple small feedings were required to prevent regurgitation. 
There had been a five-pound weight gain since discharge from previous hos- 
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pitalization. Physical examination revealed normal findings. Repeat fluoros- 
copy of the esophagus and stomach showed no change. Because the esophagus 
was somewhat tortuous, it was felt that it could be sufficiently mobilized to 
allow placing the stomach entirely under the diaphragm and to allow repair of 
the diaphragmatic defect. 


A. B. 

Fig. 5.—A, Colon x-ray photograph following first operation showing complete reduction 
of the hernia on the left; colon completely in the abdomen. B, Stomach x-ray film following 
the first operation showing no change in the herniation of the stomach through the right 
diaphragm. 

Preoperative penicillin therapy was given, and on Nov. 21, 1950, under 
endotracheal gas-ether anesthesia, a right thoracotomy was performed through 
the bed of the resected ninth rib. There was a free pleural space, and it was 
seen that at least three-fourths of the stomach, enclosed in a hernial sae, lay 
above the diaphragm. The sac was incised and the entire cireumference of the 
esophagus freed from the esophagogastric junction to a point 3 em. proximally. 
The stomach could then be replaced into the peritoneal cavity. The diaphrag- 
matie defect was closed about the esophagus with interrupted 00 cotton sutures. 
Mediastinal and diaphragmatic pleurae were utilized to cover raw surfaces and 
to reinforce the suture line. The lung was re-expanded and the wound closed 
in layers with interrupted cotton sutures. It was thought that this hernia was 
definitely congenital in origin. 

The postoperative course was uneventful except for vomiting for two days; 
this was controlled by gastric suction. Penicillin therapy was continued for 
six days. Feedings of water and formula were begun on the third postoperative 
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day. Barium swallow on the tenth postoperative day revealed a slightly dilated 
esophagus with the stomach lying entirely under the diaphragm (Fig. 6). The 
child was discharged on the seventeenth postoperative day. 

Subsequent fluoroscopy in October, 1951, demonstrated that both diaphrag- 
matie defects remain closed. The child has continued to gain weight and is 
free of symptoms on a normal diet (Fig. 7). 


Fig. 6. Fig. 7. 


Fig. 6.—Stomach x-ray film following second operation showing dilatation of the esopha- 
gus but no hiatus hernia. 


. Mia 7.—Posteroanterior chest film following second operation showing essentially normal 
chest. 


DISCUSSION 

When the infant was first admitted to this hospital the clinical picture was 
that of partial bowel obstruction, dehydration, and inanition. An initial at- 
tempt was made to improve the nutritional status of the patient by careful small 
oral feedings supplemented by parenteral fluids and whole blood. It became 
apparent after nineteen days of this type of treatment that definitive surgical 
therapy was mandatory in spite of the poor condition of the child. Since the 
symptoms appeared to be primarily referable to incomplete bowel obstruction, 
and since the radiologist was reasonably certain that there were two diaphrag- 
matie defects, it was felt that correction of the left hemidiaphragmatie defect 
was most urgent. Following the first stage, there was such a noticeable clinical 
improvement in the infant, that consideration of surgical repair of the esophag- 
eal hiatus was deferred until such time that an appreciable weight gain had 
taken place, and the child had reached some degree of development commen- 
surate with her age. It was not even established at this time that the esophagus 
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was of sufficient length to permit placement of the stomach in the abdominal 
cavity and it was felt that existence of a short esophagus type of esophageal 
hiatus hernia was not a threat to life, nor near normal development, witness 
the fact that many adults with this type of deformity lead almost normal lives. 

Barium studies were repeated in an attempt to determine whether sufficient 
length of esophagus could be developed to place the stomach into the abdomen 
below the diaphragm, and it was finally decided that the tortuosity of the esoph- 
agus indicated that such length could be developed. Continued regurgitation of 
formula, although small in amount, was of sufficient severity in our judgment, 
to warrant an attempt at repair of the defect. 

It has always been our conviction that the transthoracic approach is pref- 
erable to the abdominal route in all but foramen of Morgagni types of diaphrag- 
matic herniae. In this particular instance sharp dissection was required bilater- 
ally to free the bowel and stomach from the lung sufficiently to allow replace- 
ment of these organs into the abdominal cavity. This was accomplished easily 
under direct vision, whereas we believe such dissection would have been difficult 
from an abdominal approach. This was particularly true on the left side since 


the defect was small and exposure from the abdominal side would have neces- 


sitated enlarging the defect considerably. On the right side, mobilization of the 
esophagus was also easily accomplished under direct vision in contradistinetion 
to the blind traction which would have been necessary from an abdominal 
approach, particularly since mobilization and retraction of the right lobe of the 
liver would have been required. 

The failure of the child to gain weight demonstrates the necessity for early 
repair when bowel is contained in the defect. In this case the vascular supply 
to the colon was impaired as evidenced by thickening and edema of the bowel 
wall which contributed to the degree of obstruction of bowel lumen. 

Careful radiographic studies are essential to determine the type of defect 
and amenability to surgical repair. In this instance such studies established 
first, that there were bilateral diaphragmatic defects, and later, that there was 
probably enough esophageal length to permit repair. : 


CONCLUSION 
1. An unusual ease of bilateral diaphragmatic herniae in an infant is pre- 


sented. 
2. The advantages of the transthoracic approach are enumerated. 


3. The need for early surgical repair is emphasized. 
4. The importance of careful preoperative radiographic studies is stressed. 
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LOCALIZED PULMONARY HYPERTROPHIC EMPHYSEMA 


Henry, M.D. 
LyNnwoop, CALIF. 


OCALIZED pulmonary hypertrophic emphysema, unassociated with an aspi- 
rated foreign body or tenacious mucus from an acute respiratory infec- 
tion, is an unusual condition which was barely mentioned in the medical 
literature prior to 1949. This disease usually occurs in infants and young 
children, although two eases discovered in the fourth decade of life have been 
reported. The exact etiology of the disease has not been established with 
certainty, but it appears reasonable to assume that it is congenital in origin. 
The diagnosis can usually be made radiologically if the existence of this 
entity is kept in mind. Surgical extirpation of the diseased pulmonary tissue 
appears to be strongly indicated. The following case report illustrates the 
diagnosis and management of pulmonary hypertrophic emphysema involving 
segments, or portions of segments, of the posterior segment of the right upper 
lobe, and the superior and lateral basal segments of the right lower lobe in a 
10-year-old white boy. 


CASE REPORT 


T. G., a 10-year-old white boy, was first seen on Feb. 1, 1952, at which time a chest 
x-ray picture showed marked emphysema of the right lung.* When first seen the patient 
had recently recovered from a respiratory infection. A chest film had been ordered by 
his physician to determine if any pulmonary pathology was present. The patient gave an 
equivocal history of possible recent foreign body aspiration. The films (Figs. 1 and 2) 
were interpreted as showing obstructive emphysema caused by a nonopaque foreign body 
in the right bronchial tree. He was admitted to the St. Francis Hospital, Lynwood, 
where bronchoscopy was performed. This revealed an entirely normal tracheobronchial 
tree. 

Following this procedure, a right Lipiodol bronchogram was performed on Feb. 6, 
1952, and showed what was interpreted as a large air-filled, cystic area in the postero- 
lateral lung field (Figs. 3 and 4). 

A right thoracotomy was performed on Feb. 13, 1952, at which time three separate 
areas of pulmonary emphysema involving the posterior segment of the right upper lobe, 
the superior segment of the right lower lobe, and the lateral basal segment of the right 
lower lobe were found. The emphysematous areas compressed the normal pulmonary tis- 
sue. An artist’s conception of the operative findings is shown in Fig. 5. 

Inasmuch as there was some doubt as to whether entire segments were involved, it 
was thought feasible to attempt resection from the periphery inward. The line of de- 
mareation with the normal lung was quite clear. A pleural incision was made around the 
periphery of the emphysematous area in the superior segment of the right lower lobe. 
Using gentle gauze pledget dissection, the intersegmental plane was easily developed. 
Intersegmental vessels were divided between mosquito clamps and ligated with fine silk, 
as were vessels at the hilar aspect of the emphysematous area. The bronchus to the 
emphysematous area was about 2 mm. in diameter; this was closed with fine silk. The other 


Received for publication March 238, 1953. 
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Fig. 1. 


Fig. 1.—Posteroanterior view of chest showing emphysema of the right lung. 
Fig. 2.—Right lateral view of chest. 


Fig. 3. Fig. 4 


Fig. 3.—Posteroanterior view of Lipiodol bronchogram showing area of emphysema. 
Fig. 4.—Right lateral view of Lipiodol bronchogram showing area of emphysema. 


re Fig. 2. 
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two areas were then removed by a similar technique. Raw pleural surfaces were then 
closed with continuous fine catgut sutures to minimize air leaks. The middle lobe was 
anchored to prevent rotation and atelectasis. At the conclusion of the procedure there was 
satisfactory expansion of the lung with minimal air leaks. As the right lung did not en- 
tirely fill the pleural cavity, the phrenic nerve was crushed at the diaphragm to help de- 


Fig. 6.—Photograph of formalin-hardened specimens. 


Fig. 5.—Artist’s conception of operative findings. Tae 
S 48-52 
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crease the size of the pleural cavity. Two intercostal catheters were connected to water- 
seal drainage. The patient had an uncomplicated postoperative course, and was discharged 
on the eighth postoperative day. 

Photographs of the formalin-hardened segments are shown in Fig. 6. Microscopic 
sections of the surgically removed areas showed pulmonary emphysema, chronic bronchi- 
tis, and interstitial pneumonitis. Fig. 7 is a photomicrograph showing the emphysema. 

The patient’s progress has been followed for over a year and, he is entirely well. The 
right diaphragm is functioning. The vital capacity has increased from a preoperative 
reading of 1.7 L. to a recent postoperative reading of 3 L. A review of the patient’s his- 
tory revealed possible asthma prior to a tonsillectomy at the age of 314, but none follow- 
ing this procedure. He was never allergic to any material except possibly barber’s tale. 

The most recent postoperative film of the chest is shown in Fig. 8. 


Fig. 7.—Photomicrograph showing emphysema typical of all specimens. 


DISCUSSION 


ITistorical.—The first recorded case was that of Royes' in 1938. He reported 
a large area of hypertrophic emphysema involving a portion of the right 
middle lobe, discovered during an autopsy on a 39-year-old man, who died 
following an accident. Royes found a flap of mucosa which partially occluded 
the bronchus to the affected area. 


Leahy and Butsch,? in 1949, reported a case involving the left upper lobe 
in an 11-week-old white boy. This infant had marked respiratory distress 
from birth. A bronchoscopy was performed which was negative. Thoracot- 
omy was performed with a preoperative diagnosis of probable cystic disease 
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of the lung. At operation a markedly distended left upper lobe and a col- 
lapsed lower lobe were noted. Left upper lobectomy was performed and the 
patient recovered. 

Sweet,’ in 1950, reported a case involving the left upper lobe in a 34-year- 
old man. The presenting complaint was dyspnea on exertion which had been 
present for twenty years. A left pneumonectomy was performed. In addition 
to the emphysema, sarcoidosis was present in the hilar glands as well as in the 
pulmonary tissue. This patient recovered. 

Robertson and James,‘ in 1951, reported five cases of emphysema which 
they felt was congenital in origin, and in which the emphysema involved an 
entire lobe. They felt the emphysema was caused by folds of mucosa, or 
weakness of the bronchial wall forming a check-valve mechanism. The in- 
fants ranged in age from 2 weeks to 11 months; three cases had involvement 
of the right upper lobe, one the right middle lobe, and one the left upper lobe. 
In three cases in which lobectomy was performed all patients recovered, the 
other two patients not operated on died. 


Fig. 8.—Posteroanterior view of chest taken four months postoperatively. 


Shaw,°® in 1952, reported two occurrences: one in a 4-year-old child in- 
volving the “sub-apical segment” of the left upper lobe, in which a segmental 
resection was performed with recovery; and one in a 7-week-old infant involv- 
ing the right middle lobe, in which a middle lobectomy was followed by recov- 
ery of the patient. 

Williams,® in 1952, reported a case involving the right middle lobe of a 
17-month-old infant ; a middle lobectomy was followed by the recovery of the 
patient. 
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Diagnosis.—Most of the other recorded eases of localized pulmonary hyper- 
trophie emphysema occurred in infants. The initial impression in this case, 
as in Williams’s ease,® was that the patient had obstructive emphysema caused 
by an intrabronechial foreign body, and bronchoscopy was ecarri:d out in an 
effort to remove the suspected foreign body. Lipiodol bronchogram following 
the bronchoscopy was of great assistance in determining the need for thora- 
cotomy. If the possibility of localized pulmonary hypertrophic emphysema is 
borne in mind the correct preoperative diagnosis is possible. 


Pathology.—Shaw’ has given an excellent description of the pathology. He 
states that “the diseased segment is enlarged to many times its normal volume in 
a uniform dilatation of the air sacs. The bronchi, arteries, and veins are much 
smaller than one would expect to find supplying a segment of lung. Even 
when the bronchi are opened and the segment of lung tissue is removed from 
the body it does not collapse appreciably. It is uniformly pink in color even 
in adults, indieating that it has not taken part in the usual ventilation of lung 
~ tissue.’ Exeept for the pink color, it more closely resembles Gelfoam than any 
other substance. Several hours after being removed from the body, this tissue 
will float upon water with less than a tenth of its volume being submerged. 
Microscopie examination of the tissue reveals air saes and alveoli that are 
generally distended and empty. The intervening septae are thin and there is 
no inflammatory reaction. The blood vessels are small and have thin walls. 
The bronchioles are empty. The bronchial mucosa is normal except for slight 
chronic inflammatory infiltration. The cause of the emphysema is not evident 
in the examination of the specimens.” 

In the present case, microscopic sections showed evidence of chronic 
bronchitis. During the two weeks that the patient was under observation 
prior to thoracotomy, he was afebrile, had a normal blood count, and no 
respiratory symptoms other than dyspnea on exertion. No further areas of 
emphysema have developed at the present time, more than ‘one year after 
surgery. At operation the abnormal lung tissue was extremely soft and 
spongy. The color was pale pink, it did not deflate on releasing endotracheal 
pressure, and no emphysematous blebs were noted on the pleural aspect. 


Etiology.—This condition should not be confused with regional obstructive 
emphysema in infants and children caused by thick viscid mucus as a result of 
acute respiratory infections. 

Caffey,’ in 1940, reported seven cases of this type of emphysema associ- 
ated with acute respiratory infections in which cystic dilatations could be 
seen in roentgenograms, and which returned to normal with nonoperative 
treatment. 

Obstructive emphysema of a lobe or a lung is commonly caused by an 
aspirated foreign body. 

In the particular type of emphysema under discussion, most of the pre- 
vious authors feel, as I do, that it is congenital in origin. Folds of mucosa 
producing valvelike mechanisms in the bronchus, compression of a thin-walled 
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bronchus by an adjacent pulmonary vessel, and localized bronchial chondro- 
malacia have all been described as the underlying cause. No definite conelu- 
sions as to the etiology can be drawn from this case. 


SUMMARY 


Multiple resection from the periphery inward in a 10-year-old boy having 
pulmonary hypertrophic emphysema localized to segments or portions of 
segments of the posterior segment of the right upper lobe, superior segment of 
the right lower lobe, and lateral basal segment of the right lower lobe is re- 
ported. This is apparently the tenth recorded case of localized pulmonary 
hypertrophic emphysema occurring in infancy or childhood; two other 
examples were reported in adults. Surgical excision appears indicated in this 


condition. 
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VARIATIONS IN PULMONARY VASCULAR PRESSURES 


STEVEN M. Horvarnu, Pu.D., D. M. MacCanon, M.S.* 
Iowa City, Iowa 


N ABNORMAL type of pressure wave was observed during the course of 

an experiment wherein the “pulmonary capillary” pressure was being 
measured as suggested by Hellems and his associates... This pressure wave 
grossly resembled an intrapleural pressure curve. Autopsy of this animal con- 
firmed the presence of the catheter in the peripheral arterial vessel but im- 
mediately raised questions as to both the significance of this experimental 
method and the validity of the pressure values secured. Pressure measure- 
ments were then made in various vessels of the thorax accessible by the cathe- 
terization procedure being employed, in anticipation that the information 
obtained would at least partially resolve doubts about the method. 


METHODS 


Mongrel dogs were anesthetized with Nembutal, 30 mg. per kilogram in- 
travenously. Catheters, No. 7 or No. 9, were passed under fluoroscopic visual- 
ization. Two catheters were placed on the left side, one in the aorta or left 
ventricle and the other in the left atrium or one of the pulmonary veins. Sim- 
ilarly on the right side one catheter was positioned in the pulmonary artery 
and another was wedged in a peripheral pulmonary arterial branch as de- 
seribed by Hellems and his associates.'. In some instances a femoral artery 
was also cannulated. Pateney of the catheters was assured by slow infusion 
or an oceasional flushing with heparinized saline. Pressures were recorded 
simultaneously by means of Statham strain gauges and Sanborn or Brush 
oscillographs. Following a series of measurements at the above described 
positions, one or more catheters were moved so as to obtain records from ad- 
ditional places in the heart or adjacent vessels. This maneuver permitted the 
securing of various combinations of records from the right and left sides 
within a few heart beats. Usually the catheters were moved while the record- 
ings of pressure were being made continuously and their positions then checked 
fluoroseopieally. In several instances the catheter positions were confirmed 
at autopsy. 


RESULTS 


A large number of records was obtained from nine dogs on eleven occa- 
sions. A summarization of pertinent data obtained from these records is pre- 
sented in Table I, and some tracings are reproduced in Figs. 1 and 2. The 
pressures obtained from the left atrium, pulmonary veins, and “pulmonary 


From the Department of Physiology, College of Medicine, State University of Iowa. 
Aided in part by a grant from the Life Insurance Medical Research Fund. 

Received for publication March 31, 1953. 

*Predoctoral Fellow of the Life Insurance Medical Research Fund. 


204 


N 
Z 
=< 
<>} 
j=) 
& 
& 
= 
=) 
RQ 
< 
> 
v4 
(=) 
> 


HORVATH AND MAC CANON 


‘WU UT pesseidxe sainsseld [[V« 


ao rir 


Hig 


ol 


Lv 
09 


‘sviad | ‘SAS 


‘svid | ‘SAS 


‘svid | ‘sas | ‘sviad | ‘SAS 


FFL 
OFT 


SOT 
9cT 
OST 
OLT 


FET 
9€T 
OFT 


céT 
8éL 


OL 


| | ‘svid | “SAS 


‘svid | | 


AUVTMdVO NIGA 
sAUVNOWTOd AUVNOW 


LAAT 


WIOTYLNAA 


LAAT 


VLYOV 


OIOVYOH, AHL AO STASSUA NI 


| 
| 
& 
| 1D 
| 
© 
| 
| 
| 
| = 
| 
| 
| ce ce 
| : 
| 
| A ae 
| 
| 
| 
| 
| 
1919109 AINS 
| 
on 
| | ao 
| ee | 
| 
on 
1) 
| | 
: 


206 THE JOURNAL OF THORACIC SURGERY 


capillary” are of greatest interest. The mean left atrial pressure exceeded the 
mean “pulmonary eapillary” pressure by some 0.8 mm. Hg, but this relation 
was not consistently evident in individual cases. In three instances, a higher 
value was observed in the left atrium than the pulmonary capillary by 0.3 to 


mm 


+10 


0 


Fig. 1.—A type of pulmonary “capillary” pressure sometimes observed is illustrated. 
The lowest record shows the transition to pulmonary arterial pressures as the catheter was 
being withdrawn. The left atrial pressure is presented for reference. 
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INSPIRATION 


Fig. 2.—Fast record, demonstrating pattern of left atrial pressure tracings with pulmonary 
arterial waves as reference. 


1.0 mm. Hg. On two occasions the pressures were equivalent, while in the 
remainder the pulmonary capillary values exceeded those observed in the left 
atrium by 3 to 0.3 mm. Hg. 

Although these differences are small and the technical difficulties of re- 
cording great, some doubt is held concerning the validity of using “wedged 
catheter pressures” as representative of left atrial pressure. On three occa- 
sions a record similar to that shown in Fig. 1 has been obtained. In each 
instance the catheter was positioned in a vessel in the lower border of the 
right lung lobe. Can the recorded pressure be considered a “pulmonary eapil- 
lary” pressure? It appears to be a record of intrapleural pressure; with- 
drawal of blood was not possible when the catheter was in this position. Slow 
withdrawal of the catheter from this position eventually resulted in a pressure 
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tracing somewhat similar to that of a “pulmonary eapillary” pressure. How- 
ever, in Fig. 1 the transition to a modified pulmonary arterial pressure is too 
rapid to permit positive identification. When a catheter is wedged as far out 
in the periphery of the lung as these were, the rapid injection of 1 ml. of saline 
induced a marked elevation of pressure which persisted for several minutes 
before it gradually returned to its former level. Autopsy observations failed 
to show any injury to vessels or lung tissue as a consequence of this procedure. 

The pressure tracings (Fig. 2) obtained from the left atrium through a 
catheter going down the carotid artery and lying within the left atrium are 
somewhat similar in form to those published by Ankeney,? but the instanté- 
neous pressure values are somewhat different. There are a number of negative 
values on the curve, especially noticeable during inspiration. Although some 
artifacts may be present due to catheter vibrations of intracardiac origin, they 
are still suggestive of pressure alterations occurring in the intact closed-chest 


Pressures measured when a catheter is apparently wedged into a pulmon- 
ary vein were invariably greater than simultaneous measurements of pulmon- 
ary capillary and are similar to the pulmonary arterial pressures. However, 
artifacts prevented accurate determinations of points of similarity in the two 
curves. 
DISCUSSION 


The occasional observation of an intrapleural type of pressure wave when 
a catheter is wedged into a distal pulmonary artery was an unexpected find- 
ing. Animals in which the phenomenon was observed were narrow chested 
and the catheter was placed far out into the diaphragmatic border of the lung 
field. The small mass of tissue present at this point may have permitted the 
transmission of intrapleural pressure variations but it is inconceivable how 
such an event could occur in view of the pressure gradient theoretically exist- 
ing. Regardless of the causative factors leading to such pressure tracings, 
their occurrence does suggest that ‘‘pulmonary capillary pressures’? must be 
evaluated with considerable caution. 

Pulmonary eapillary pressures slightly higher than left atrial pressures, 
as observed in this study, are in general agreement with the similar, although 
greater, differences reported by Ankeney? in the open-chest dog. Gorlin and 
his co-workers,’ however, were unable to find any significant differences in 
pressure between these two sites and suggest that within the error of measure- 
ment the values are equal. Weissel and his associates,‘ Lagerléf and Werké,° 
and Cournand® have, on the basis of studies made in cases with atrial septal 
defects, expressed doubt as to the pressures recorded by the method of wedg- 
ing being “capillary pressure” and implied that it may represent a modified 
pulmonary venous pressure. 

However, Calazel and his fellow workers’ were unable to obtain pressure 
curves suggestive of this venous character by obstructing a peripheral pul- 
monary artery in five of their six patients. The pulmonary capillary pressure 
curves obtained in the present study cannot be used to confirm or deny these 
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observations, since in the majority of instances they were essentially flat waves 
with minor and inconstant phasic variations. This does not, however, pre- 
clude the possibility that a manometric system consisting of pulmonary eapil- 
Jaries and venules is formed when the catheter is wedged in a suitable periph- 
eral pulmonary arteriole. The reverse manometer system (pulmonary eapil- 
lary arteriole), formed when a catheter is wedged into a pulmonary vein pos- 
tulated by Lagerlof and Werké,® of capillaries and arterioles appeared to be 
present in the study being reported. The pulmonary venous pressures (PCA) 
were higher than those observed in the left atrium but lower than those of the 
pulmonary artery. These findings agreed also with those reported by Weissel 
and his associates,* but are in contrast to the results of Hellems and his associ- 
ates,* who found identical mean values on both sides of the capillary bed. 


SUMMARY AND CONCLUSIONS 


The determination of “pulmonary capillary pressure” is not a simple mat- 
ter of obtaining a pressure recording while a catheter is wedged into a periph- 
eral pulmonary artery. If the catheter is wedged into a suitable arterial 
vessel, respiratory pressure variations similar to intrapleural pressures may 
be recorded. The possibility that under certain circumstances “pulmonary 
capillary” pressures really represent pulmonary capillary venule pressures 
cannot be ignored, since pressures recorded from a wedged pulmonary vein 
were of such magnitude as to indicate the possibility of the establishment of 
a pulmonary capillary arteriole manometrie system. 
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BILATERAL GRANULOMA OF THE LARYNX DUE TO 
INTRATRACHEAL ANESTHESIA 


DrerRMONT W. MELIck, M.D., Auprey G. Urry, M.D., Joun B. McApams, M.D. 
PHOENIX, ARIZ. 


HE administration of anesthesia by way of an endotracheal tube has re- 

peatedly been recognized as one of the major advances in anesthesia and 
thoracic surgery. It allows the anesthetist to maintain the patient in a state 
of “physiologic safety” by reason of this endotracheal anesthetic technique. 

It has always been amazing, however, that patients do not have more laryn- 
geal difficulty. The laryngeal tissues have always been recognized as delicate 
and extremely sensitive. It would be suspected that the passage of a rubber 
‘tube through these delicate sensitive tissues followed by the rather prolonged 
contact with this foreign body would result in a certain amount of irritation. 
The most skillful intubation could not logically be expected to remove all the 
factors that have to do with laryngeal irritation. The incidence of mild trau- 
matie postoperative laryngitis is not known. Individuals exhibiting voice 
changes or ‘‘sore throat’’ following endotracheal anesthesia are known to all 
of us, but the frequency is not a matter of record. Tracheal web formation has 
been reported in the New England Journal of Medicine as a result of intubation.” 

Trauma to the vocal cords of enough intensity to cause formation of granu- 
lomatous lesions is a rare occurrence. In the present literature there are twenty- 
three cases reported, of which thirteen were bilateral granuloma and ten were 
unilateral granuloma. Curiously enough, in one series of ten cases, nine were 
reported to be in women.! The ease reported here also occurred in a woman. 
This sex predominance may mean that women have smaller voice boxes (could 
overuse be a cause of hypoplasia?) or the tissues are more delicate. 


CASE REPORT 


Mrs. D. S., a 28-year-old woman, was a patient at the Arizona State Sanatorium. A 
right upper lobectomy for tuberculosis was performed on Dec. 9, 1950. The anesthesia time 
(from intubation to extubation) was four hours and twenty minutes. After surgery she 
complained of a sore throat and her voice was hoarse. The hoarseness persisted and eight 
weeks following lobectomy, direct laryngoscopy revealed polypoid tumor masses on either 
vocal cord. The granuloma of the right vocal cord was somewhat larger, so it was removed 
first. Fourteen days later the polyp was removed from the left vocal cord. 

The pathologic examination and report by Dr. Harold Wood was identical in each 
instance: ‘‘The gross specimens consist of small bits of gray-brown tissue which vary from 
0.2 to 0.6 em. in diameter. The microscopical examination reveals a very active polypoid 
growth of vascular granulation tissue, which is superficially ulcerated and inflamed. It con- 
tains mitoses and simulates a capillary hemangioma or granuloma pyogenicum. There is no 
evidence of malignancy. Diagnosis: A polypoid capillary hemangioma or a very vascular 
laryngeal polyp.’’ 
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With reference to the intubation and anesthesia in this patient, the co- 
author (A. G. U.) comments as follows: ‘‘The intubation was not traumatic and 
exposure of the larynx and insertion of the tube was done without difficulty. 
Pentothal Sodium, nitrous oxide, and ecurare were used. After the initial depth 
of anesthesia for intubation, the patient was maintained in plane one. During 
the last hour she was maintained so lightly in plane one that she swallowed 
and coughed occasionally. She was awake, talked, and was oriented in the 
operating room immediately after the tracheobronchial toilet. Undoubtedly the 
too light anesthesia during the last hour with the motion of the larynx over 
the tube due to swallowing and coughing is the trauma responsible for the 
production of the granulomatous tissue.’’ 

The patient was discharged from the sanatorium three and one-half months 
following lobectomy and one month after removal of the second granuloma. On 
discharge from the sanatorium the vocal cords had a normal appearance and her 
voice had returned to normal. <A recheck by an otolaryngologist in another city 
four months following discharge from the sanatorium revealed the vocal cords 
to be entirely normal. 

COMMENT 


Lieberman’ of Philadelphia has this to say with relation to this condition. 
‘‘Granuloma of the larynx following intratracheal anesthesia is probably oceur- 
ring more frequently than the literature would indicate, and perhaps more care 
should be taken. A careful history is important. Particular attention should 


be paid to a history of recurrent laryngitis, and if this is elicited, possibly intra- 
tracheal anesthesia should not be used. The tube certainly should be passed 
under direct vision and with a minimum of trauma and only when the vocal 
cords are wide open. The tube should be sterilized just before using. The tube 
should be passed by a well-trained anesthetist, and great care should be taken to 
avoid undue movement of the tube during the operation.”’ 


SUMMARY 


A ease of bilateral granuloma of the larynx is reported here. The causation 
of this bilateral granuloma has been assumed to be due to the movement of the 
larynx over the endotracheal tube during too light a plane of anesthesia. 
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Announcement 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 
Notice of Annual Meeting 


The 34th annual meeting of the American Association for Thoracic Surgery will be 
held May 3, 4, and 5, 1954, in Montreal, Que., Canada. Headquarters will be at the 
Sheraton-Mount Royal Hotel. 


Requests for Hotel Reservations 


These should be mailed directly to the Reservation Manager, Sheraton-Mount Royal 
Hotel, Montreal, Que., Canada. Please mention this Association, type of accommodation 
desired, date, and approximate hour of arrival. If accommodations are desired elsewhere, 
please communicate directly with hotel of your choice. 


Thoracic Surgical Forum 


After due consideration, the Council has decided to try an experiment by assigning 
one morning session to a “Thoracic Surgical Forum” for the presentation of short papers 
on current thoracic research, anatomy, modified surgical techniques, etc. Papers at this 
session will be limited sharply to ten minutes (including the showing of lantern slides or 
other illustrative material) with three minutes as the maximum discussion of each paper. 

These papers will be published together in one issue of THE JOURNAL OF THORACIC 
SurcERY. Maximum length: 3,000 words without illustrations, If illustrated, an appropriate 
number of words must be subtracted for each cut used. 


Abstracts for Papers 


Abstracts for the presentation of papers at the 1954 meeting, including papers 
before the Forum, must be received on or before January 1, 1954, otherwise they will 
not be considered by the Program Committee. 

Abstracts should be labeled ‘‘For Forum’? or ‘‘For Regular Program.’’ 

Five, repeat five, copies of each abstract should be sent to the Secretary of the Asso- 
ciation, Dr. Paul C. Samson, 2938 McClure St., Oakland 9, Calif. They should not be sent 
to the Editor. 

The abstracts should contain from 200 to 250 words and accurately reflect the con- 


tents of the completed paper. 


Applications for Membership 


Applications for Associate Membership in the Association must be received by the 
Membership Committee not later than Jan. 1, 1954, to be considered for action in Montreal. 
Applications received beyond this deadline will be deferred for consideration until 1955. 

Applicants must be sponsored by three Active or Senior Members of the Association. 
In addition to the sponsoring statement on the application form, the svonsors must submit 
a separate letter concerning the applicant direct to Dr. Lyman H. Brewer, III, Chairman 
of the Membership Committee, 2010 Wilshire Blvd., Los Angeles, Calif. Completed 
application forms should likewise be sent to Dr. Brewer. These regulations are af the 
direction of the Council and were made effective in 1952 at Dallas, 
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